WORLD INTCLLECnJAL PROPERTY ORGANIZAIION 

international Bmcau 




CO 



PCX 

INHERNATEONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCD 



(51) Intarnatbnal Patent Classificatioii 6 ; 
A61L 15/42, ISm 



Al 



(H) International PnbUcatbn Nmnber: 
(43) fntmwtlfmni Pnblication Date: 



(21) Inter nation a l Application Nnmber: PCT/US95/02442 

(22) Intmi flticm a l Filing Date: 27 I^hmaiy 1995 (27.02.95) 



(30) Priority Data: 
08/219.574 



29 March 1994 (29.03.94) US 



(71) Applicant: THE PRCXHER & GAMBLE COMPANY 

fUS/US]; One Procter & Gamble Plaza, CinrtniHiri. qh 
45202 (US). vouwiiu-u, yjn 

(72) Inventors: GOLDMAN. Stephen, AUen; 1260 Fbrest Court. 

Cmdnnati. OH 45215 (US). HAYNES, Nancy, Ann; 2485 
Ch^ Road, Okeana, OH 45053 (US). MANSFimj>, 
Todd. Leon; 580 Wnham Place, Cincinnati, OH 45220 (US). 
PUSCHKE, Manfred; Ahomwcg 18, D-61449 Steinhach 
(US). REIZSCH. Herbert. Louis; 7874 Sequoia Court, 
Cmcinnati, OH 45239 (US). YOUNG, Gerald, Alficd; 1 101 
Hcaitfistone Drive, Cinchmati, OH 45231 (US). WALKER. 
Trevor, 7357 Connnonwealth Drive, Cincinnati. OH 45224 
(US). 

C74)AgMls: REED, T.. David et aL; The Plocter & Gambte 

Company, 5299 Spring Grove Avenue* CindnnatL OH 
45217 (US). ^-^-wuiBiu, v/fi 



(54) Title: ABSORBENT 



WO 95/26209 

5 October 1995 (05,10.95) 



(81) Deagnated States: AM. AU, BB. BG, BR. BY, CA. CN. CZ. 

HU. JP, KE. KG. KP. KR. KZ. LK. LR. LT. LV. MD. 
MG. MN. MX. NO. NZ. PU RO, RU. SG. SI. SK. 17. Tt! 
UA. UZ. VN. Enropean patent (AT. BE. CH. DE. DK, ES 
FR, GB. GR, IE, IT. LU. MC. NL. PT. SE). OAH patent 
(BF. B J. CP. CG. a. CM. GA, GN, ML, MR. NE, SN. TD. 
TG). ARIPO patent (KE, MW, SD, SZ, UG). 

PnbUsfaed 

With intemational search report. 



rv^x,^w-i.;JJ5P®^ FLUIDS HAVING GOOD WET INTECaUTY AND RET^tivfty uiru 

CONCENTIUTIONS OF HYDROGEL.FORMING ABSORBENT POLYM^ iWilsUKlTY AND RELATIVELY HIGH 

(57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to die PCT on the fomt pages of pamphlets publidiing international 
{plications under Ae PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Anstialia 


GE 


Geocgxa 


MW 


Malawi 


BB 


Baibados 


GN 


GniDea 


NE 


Ni^ 


BE 


Belgium 


GR 


Greece 


NL 




BF 


Buzkhu Faso 


HU 


HuQgBiy 


NO 




EG 


Bulgaria 


IE 


belind 


NZ 




BJ 


BeniB 


IT 


Italy 


PL 


Poland 


BR 


Biazfl 


JP 




PT 


Poctngal 


BY 


Belanu 


KE 


Kenya 


RO 


RoDiania 


CA 


Canada 


KG 


Kyigystan 


RU 


RnsteFbdentioa 


CF 


Central Aftkan Republic 


KP 


Dcmomnic Ftcple's RepnibCc 


SD 


Sudan 


CG 


Coi^o 




of'KflRa 


SB 


Sweden 


CB 


Swit2edand 


KR 


RepuMic of KoRa 


SI 


Slovenia 


CI 


cote dlvone 


KZ 




SK 


Slovakia 


CM 


Cameroon 


U 


IJeclttenstein 


SN 


Senega] 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 




TG 


Togo 


CZ 


Cttch Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Gennsny 


MC 


Monaco 


TT 


Ttinidad and Tobago 


DK 


Dcniiuuk 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Stales of America 


n 


Finland 


ML 


Mali 


uz 


Ud)ekistan 


FR 


France 


MN 


Mongolia 


VN 


Vietltao 


GA 


GsAmxi 











wo 95/26209 



PCrAJS9S/02442 



1 

ABSORBENT MEMBERS FOR BODY FLUIDS HAVING 
GOOD WET INTEGRITY AND RELATIVELY fflGH CONCENTRATIONS 
OF HYDROGEL-FORMING ABSORBENT POLYMER 

5 



10 

TECHNICAL FTFJTI 

IS This application relates to absoibent members for body fluids such as urine and 

menses having good wet integrity. This application fiirther relates to absoibent 
members having at least one r^on with a relatively hi^ concentration of hydrogel- 
forming absorbent polymer. 

20 BACKGROUND OF THE INVENTION 

The development of highly absoibent members for use as disposable diapers, 
adult incontinence pads and briefi, and catamenial products such as sanitary napkins, 
are the subject of substantial , conunerdal interest. A highly desired characteristic for 

25 such products is thinness. For example, thinner diapers are less bulky to wear, fit 
better under dotUng^ and are less noticeable. Th^ are also more compact in the 
package, making the diapers eaaer for the consumer to cany and store. Compactness 
in packaging also results in reduced distribution costs for the manu&cturer and 
distributor, including less shelf q)ace required m the store per cfiaper umt. 

30 The ability to provide tUnner-.absoibenl articles such as diapers has been 

contingent on the ability to devdop relatively thin absorbent cores or structures that 
can acquire and store huge quantities of disdiarged body fluids, in particular urine. In 
ttus regard, the use of certain absoibent polymers often referred to as '^hydrogds," 
"superabsoibents" or "hydrocolloid" material has been particularly important. See, for 

35 example, U.S. Patent 3^699,103 (Harper et al), issued June 13, 1972, and U.S. Patent 
3,770,731 QIarmon), issued June 20, 1972, that disdose the use of such absorbent 
polymers (hereafter "hydrogd-foiming absorbent polymers**) in absoibent artides. 
Indeed, the devdopment of thinner diapers has been^ the (tirect consequence of thinner 
absorbent cores that take advantage of the ability of these hydrogel-fi>nning absorbent 

40 polymers to absorb large quantities of disdiarged body fluids, typically \^en used in 
combination mth a fibrous matrix. See, for example, U.S. Patent 4,673,402 (Wdsman 
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et al), issued June 16, 1987 and U.S. Patent 4,935,022 (Lash et al). issued June 19, 
1990, that disclose dual-layer core structures comprising a fibrous matrix and hydrogel- 
forming absorbent polymers useful in feshioning thin, compact, nonbulky diapers. 

Prior to the use of these l^drogel-forming absorbent polymers, it was general 
5 practice to form absorbent structures, such as those suitable for use in in&nt diapers, 
entirely firom wood pulp fluflF. Given the relatively low amount of fluid absoited by 
wood pulp fluflF on a gram of fluid absorbed per gram of wood pulp flufl^ it was 
necessaiy to employ relatively large quantities of wood pulp flufl^ thus necessitating the 
use of relatively bulky, thick absorbent structures. The introduction of these hydrogd- 

10 forming absorbent polymos into such structures has allowed the use of less wood pulp 
flufiF. These hydrogel-forming absorbent polymers are supoior to fluflFin their ability to 
absorb large vohimes of aqueous body fluids, such as urine Ci e., at least about 15 g/g), 
thus making smaller, thinner absorbent structures feasible. 

These hydrogel-forming absorbent polymm are often made by initially 

15 polymerizing unsaturated carboxj^ic acids or derivatives thereof such as acrylic add, 
alkah metal (e.g., sodium and/or potas^m) or ammonium salts of acrylic add , all^l 
acryiates, and the like. These polymers are rendered water-insoluble, yet water- 
swdlable, by sHghtly cross-Bridng the caiboxyl group-containing polymer chains with 
conventional di- or poly-fimctional monomer materials, such as N, N*- 

20 methylenebisacndamide, trimethylol propane triaciylate or triallyl amine. Th^ slightly 
crosslinked absoriient polymers stiU comprise a muitipfidty of anionic (charged) 
casboxyl groups attached to the polymer backbone. It is these charged carboxy groups 
that enable the polymer to absorb body fluids as the result of osmotic forces, thus 
forming hydrogels. 

25 The degree of m>ss-Iinking determines not only the water-insolubility of these 

hydrogd-forming absorbent polymers, but is also an mqwrtant fector in establishing 
two other characteristics of these polymers: thdr absorbent c^adty and gd strength. 
Absorbent capacity or "gd volume** is a measure of the amount of water or body fluid 
that a given amount of hydrogel-forming polymer will absorb. Gel strength relates to 

30 the tendency of the hydrogd formed from these polymers to deform or "flow" under an 
applied stress. Hydrogd-forming polymers usefiii as absorbents in absorboit structures 
and artides sudi as disposable diapers need to have adequately high gel vohmie , as 
wdl as adequatdy high gd strength, Gd volume needs to be suflSdently high to enable 
the hydrogd-forming polymer to absorb ^gnificant amounts of the aqueous body fluids 

35 enccnmtered during use of the absorbent artide. Gd strength needs to be such that the 
hydrogd formed does not deform and fill to an unaccq)table d^ree the capillary void 
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spaces m the absoibent structure or article, thereby inhibitiiig the absorbent capacity of 
the structure/article. as weU as the fluid distribution throughout the structure/article 
See, for example. U.S. Patent 4,6H039 (Brandt et aO. issued March 31 1987 
(reissued April 19, 1988 as U.S. Reissue Patent 32,649) and U.S. Patent 4.834,735 
(Alemany et alX issued N% 30, 1989. • * ' 

Prior absoibent structures have generally comprised relatively low amounts 
(e.g., less than about 50 % by weight) of these hydrc>gel.fonniiig absori»ent polymers 
See, for example, U.S. Patent 4.834,735 (Aleniany et al). issued May 30 1989 
(preferably fiom about 9 to about 50% hydrogd-forming absoibent polymer* in the 
fibrous matrix). There are several reasons for this. The hydrogcl-forming absortnait 
polymers employed in prior absoriient stmctures have generally not had an absorption 
rate that would allow them to quickly absorb body fluids, especially in "gush- 
situations. This has necessitated the inchudon of fibers, typically wood pulp fibera, to 
serve as temporary reservoirs to hold the discharged fluids untO absoriied by the 
15 hydrogd-forming absorbem polymer. 

More importantly, maiv of the km»wn Ivdrogd-forming abso 
exhibited gel blocking. "Gel blocking- occurs when particles of the hydrogel-fonning 
absori)ent polymer are wetted and the particles sweD so as to inhibit fluid transmission 
to other regions of the absorbem structure. Wetting of these other regions of the 
absoibent member therefore takes place via a very slow diffusion process. In practical 
terms, tiiis means acquisition of fluids by tiie absorixmt structure is much slower than 
tins rate at which fluids are discharged, especially in gush situations. Leakage from the 
absoibent article can take place weD before the particles of hydrogel-fonning absorbent 
polymer in the absori)ent member are fiiUy saturated or before the fluid can diflRjse or 
wick past tiie "blockmg" particles into tiie rest of tiie absorbem memi>er. Gel blocking 
can be ii paiticulariy acute problem if tiie partides of hydrogd-forming absori)ent 
polymer do not have adequate gd strengUi and deform or spread under stress once tiie 
particles swell with absori)ed fluid. See U.S. Patent 4.834,735 (Alemany et al) issued 
May 30, 1989. 



20 



25 



30 



ITiis gd bloddng phenomena has typically necessitated tiie use of a fibrous 
matrix in whidi are dispersed tiie partides of hydK)ge^forming absort>em polymer. 
This fibrous matrix keeps tiie partides of hydrogd-forming absorbent polymer 
separated fiom one anotiier. This fibrous matrix also provides a capillary structure diat 
allows fluid to readi tiie hydrogd-forming absori)ent polymer located m regions remote 
35 from tiie initial fluid discharge point. See U.S. Patent 4.834,735 (Alemany et d). 
issued May 30, 1989. However, dispersing tiie hydrogd-forming absorbem polymer iii 
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a fibrous matrix at relatively low concentrations in order to nunmize or avoid gel 
blocking can lower the overaQ fluid storage capacity of thinner absorbent structures. 
Using lower concentrations of these faydrogd-fbnning absorbent polymers limits 
somewhat the real advantage of these materials, namely their ability to absorb and 
retain large quantities of body fluids pa- given volume. 

Besides increaang gel strength, other plqrsica] and chemical characteristic of 
these hydrogel-foiming absorbent polymers have been manipuhited to decrease gel 
blocking. One characteristic is the paitide size, and especially the particle size 

distribution, ofthehydrogel-forniing absorbent polymer used in the fibrous matrix. For 
example, particles of hydrogel-forming absort)ent polymer having a particle size 
distribution such that the particles have a mass median particle size greater than or 
equal to about 400 microns have been mbced witii hydrophiUc fibrous materials to 
minfanize gel Mocking and to help maintain an open capiUaty structure witiiin the 
absoriient structure so as to enhance planar transport of fluids away fi^m the area of 
initial dischaige to the rest of ti»e absort>ent structure. In addition, the particle size 
distribution of the hydrogel-forming absori)ent polymer can be contioUed to improve 
absori)ent capacity and efiSdency of tiie particles employed in the absorbent stnicture. 
See U.S. Patent 5,047,023 (Bag), issued September 10, 1991. However, even 
adjusting the partide.size distribution does not, by itself lead to absori)ent structures 
tiiat can have rdativdy high concentrations of tiiese hydrogd-forming absort>ent 
polymers. See U.S. Patent 5.047,023, aiBQ (optimum fiber to partide ratio on 
cost/perfomsance basis is from about 7525 to about 90: 10). 

Anotiier characteristic of tiiese hydrpgd-fixnung absorbent polymers tiiat has 
be lodced at is tiie levd of extractables present in tiie pointer itseif See U.S. Patoit 
25 4,654.039 (Brandt et al), issued March 31, 1987 (reissued April 19, 1988 as U.S. 
Rdssue Patent 32,649). Many of ti»ese tydrogd-fiMming absoriient polymere contain 
significam levds of extractable polymer material This extiactable polymer material can 
be leached out fiom tiie resultant hydrogd by body fluids (e.g., urine) during tiie time 
period such body fluids remain in contact whh tiie hydrogd-foraiiiig absori>ent 
30 polymer. It is believed such polymer material extracted by body fluid in tiiis manner 
can alter botii tiie chemical and physical characteristics of tiie body fluid to tiie extent 
tiiat tiie fluid is more slowty absori>ed and more pooriy hdd by tiie hydrogd in tiie 
absort>ent artide. 

Anotiw charactoistic tiiat has been looked at to minimize gd blocking is to 
improve tiie capillary capability of tiiese bydrogd-fonning absorixait polymers. In 
particular, it has been suggested tiiat partides of tiiese hydrogd-fonning absoriient 
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pofymers be fonned into interpartide crosslinked aggregate macrostnictures. typically 
in the fonn of sheets or strips. See U.S Patent 5,102,597 (Roe et al), issued April 7. 
1992; U.S. Patent 5,124,188 (Roe et aO, issued Jiine 23, 1992; and U.S. Patent 5,149] 
344 (Lahiman et al), issued September 22, 1992. Because the particulate nature of th^ 
absortHHrt poiymer is retained, these macrostnictures provide pores between adjacent 



ible (ue.. 



particles that are interconnected such that the nuu»>stmcture is fluid 
has capillary transport channels). Due to the intopaitide crosslink bonds fi>i^ 
between the partides, the resultant maoDstnictures also have improved structural 
integrity, increased fluid acquisition and distribution rates, and minimal gd blocking 
diaracteristics. 

Yet another diaracteristic the ait has known for some time as a measure of gd 
blocking is the Demand WettabiUty or Giavimetric Absorbence of these hydrogd- 
fomiing absorbent polymers. See, for example, U.S. Patent 5,147,343 (Kdlenbeiger), 
issued September 15, 1992 and US. Patent 5.149.335 (KeDenberger et aO. issued 
September 22, 1992 whwe these hydrpgd-fofmiiig absoi1>ent |>ol3niefs are lefbied to 
as "supehibsoibent iiMteriab" and where Demand WettaWIity/GrBvimetric Absorbence 
is referred to as Absoibency Under Load (AUL). -AUL" is defimKl in these patents as 
the ability of the hydrogd-forming absbrt)ent polymer to swdl i^inst an applied 
restriuning force (see U.S. Patent 5,147,343, asEQ, it CoL 2, linw 43-46). The "AUL 
vaUie" is defined as the amount Cm mL/g or g/g.) 6f 0.9% saline sohition that is 
absoriied by the hydrogd-fomiing absortient polymers while bdrig subjected to a load 
of 21,000 dynes/cm2 (about 0.3 psi"). The AUL vahie can be detennined at 1 hour (see 
U.S. Patent 5,147,343) or 5.minutes (see U.S. Patent 5,149, 335) . Hydrogd-forming 
' absOTbent polymera are deemed to have desirable AUL properties if they absori> at least 
about 24 mlVg (preferably at least about 27 mlig) of the saline solution after 1 hour 
(see U.S. Patent 5,147,343) or at least about 15 g/g (preferably at least about 18 g/g) 
of the saline solution after 5 minutes. 

U.S. Patent 5,147, 343 says (see CoL 5, lines 49-61) that: 'Ahhough prior art 
superabsortient materials and absori)ent composites made therewith have fevorably 
exhibited the abiUty to fredy swdl with fluid and retain such fluid against an applied 
pressure, the benefits of this characteristic are, to an extent, illusory. The reason for 

this is that to exhibit an improved perfonnance in use, the superabsorfjent material must 
also have the ability to iiutiaUy imbibe fluid and swdl wfaOe bdiig subjected to a load. 
In use, such a load m^ be appfied to tfte superabsort)ent by the body of a person who 

is sitting or lying on the composite and/or by dynamic torsiond pressures, e.g. during 
1^ movement, vMe wearing a garment containing the absoriient compoate." It is 
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later allied (see Col. 6, lines 47-57) that "superabsoib«it materials" having these 
minimum AUL values at 1 hour, as described above, "will be able to poform the 
amount of work necessary to overcome the restraining forces typically applied -when 
the composites of the present invention are incorporated into the personal care 
5 products such as diapers, incontinence garments, sanitaiy napkins and the like. As a 
result of emplo>dng superabsorbent materials having an AUL of at least about 24 
[ml./g], personal care products employing sudi superabsorbent matoials have been 
found to perform better. Specifically, diapers employing such high AUL 
superabsorbent matoials have been found to exhibit fewer overnight leaks." 

10 AUL as defined in U.S. Patwits 5,147,343 and 5,149,335 may provide some 

indication of which hydrogd-forming absorbent polymers will avoid gd blocking in 
some instances. However, AUL is inadequate for determining which hydrogd-forming 
absorbent polymers will provide the absorbency properties necessary so that the 
concentration of these polymm in absorbent structures can be increased without 

15 significant gel blocking or some other undesirable effect. It has been discovered that 
the permeability or flow co nductivitv of the hydrogd formed when these absorboit 
polymers swell in the presence of body fluids is extremely important to feaable 
inclusion of high concentrations of these absorbent polymers in localized regions or 
throughout the absorbent member. I^erences in permeability or flow conducti^ty of 

20 the absorbent polymer can directly impact on the ability of the resultant hydrogd layer 
to acquire and cfistribute body fiidds. 

Indeed, certain of the hydrogd-forming absorbent pofymers disdosed in U.S. 
Patents 5.147,343 and 5,149,335 as havirig satisfactory AUL values will have 
inadequate permeability or flow conducthdty to be useful at high concentrations in 

25 absorbent members. In order to have a high AUL value, it is only necessary that the 
hydrogd layer formed have at least minimal permeability such that, under a confining 
pressure of 0.3 psi, gd blocking does not occur to any significant degree. The degree 
of permeability needed to simply avoid gd blocking is much less than that needed to 
provide good fluid transportation properties. Hydrogd-forming absorbent polymers 

30 that avoid gd blocking can still be greatly defident in these other fluid handling 
properties. 

The permeability/flow conductivity of these hydrogd-forming absorbent 
polymers can be defined in terms of thdr Saline Flow Conductivity (SFC) values. SFC 
measures the ability of a matoial to tranq)ort saline fluids, such as the ability of the 
35 hydrogel layer formed firom the swoUoi t^drogd-forming absorbent polymer to 
tranq)ort body fliuds. A good example of a material having rdativdy a high SFC vahie 
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is an air-laid wd> of wood-pulp fibers. TypicaHy, an air-laid wdi of piilp fibers (eg. 
hawig a densty of 0.15 g/cc) wiU exhibit an SFC value of about 200 xlO-7 cm^see/g. 
By contrast, typical hydrogd^fonning absorbent pblymers siich as AquaHc L-74 (made 
by Nippon Shokubai Co., LTD) and Nalco-l 180 (made by Naico Ghemical Co.) exhibit 
SFC values of at most 1 xl0^7 cnPsec^g. Accordinglyi it would be highly desirable to 
be able to use bydrogel-foiming absoibent polymeis that more dosely approach an air- 
laid web of wood pulp fibers in terms of SFC. This is particularly true if higher, 
locaKziBd coticentradons of these hydrogel-forming absoibent polymers are to be 
eflfectively used iii the absorbent mieniber. (Higher SFC vahies also are reflective of the 
abiUty of the resultant hydrogd to acquire body fluids under nonnal usage conditions.) 

Another problem with uai^ AUL vahies measured according to U.S. Patents 
5,147,343 and 5,149,335 is that they do not reflect all of the potential pressures that 
can be operative on the hydrogd-fomung polymer in the absoibent structure. As noted 
above, AUL is measured in these patents at a pressure of about 0.3 pa. It is believed 
that a mudi higher confiiuhg pressure of about 0.7 pa more adequately reflects the fiiU 
range of localized niedianical pressures (e.ig., sitting, sleeping, squatting, taping, 
dastics, leg motions, otKor toiaon and toraonal motions) on an absoibent stmcture. 
See U.S. Patent 5, 147,345 (Young et al), issued September 15, 1992. Additionally, 
many of tite absoibent stiubtiires tiiat comprise tiiese faydrogd-fimning absorbent 
polymers can indude other oomponents, such as an acqidsition l^er that recdves the 
initid discharge of body fluids. See, for example, U.S. Patent 4,673,402 (Wdsman et 
dX issued June 16, 1987 and U.S. Patent 4,935,022 CLash et dX issued June 19, 1990. 
This acquisition layer can comprise fibers, sudi as certain diemically stifi&ned fibers, 
tiiat have a idattVielbr high c^iflaiy suction. See, for example, U.S. Patent 5,217,445 
(Young et aQ, issued June 8. 1993. To take into account tiiese additiond capillary 
pressures tiiat could afifect fluid acquisition by tiiese hydrogd-foiming absoibent 
polymers, it is more realistic to measure demand absorbency perfonnance under a 
higher pressure , i.e., about 0.7 psi. This would take into. better account not only tiie 
localized mechadcd pressures exerted during us^ but also tiie additiond c^illaiy 
pressures resulting frran other components (e.g., acquisition layer) present in the 
absoibent structure. 

Another fiictor that has to be considered in order to take fiill advantage of the 
permeability/flow conductivity of tiie hydrogd layer fi>rmed fiom these absorbent 
polymers is tiie wet int^rity of tiie r^n or regions in tiw absoibent member tiiat 
comprise these polymers. For hydrogd-forming absorbem pofymers having rdativdy 
high SFC vdues, it is extremely importart tiiat the region(s) in which potymers are 
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present have good wet integrity. By "good wet uitegrity" is meant that the region or 
regions in the absorbent member having the high concentration of hydrogd-fonning 
absorbent polymo- have sufficient int^ty in a dry, partially wet, and/or wetted state 
such that the phy^cal continuity (and thus the capability of acquiring and transporting 
S fluid through contiguous interstitial voids/capillaries) of the hydrogel formed upon 
swdling in the presence of body fluids is not substantially disrupted or altered, even 
when subjected to normal use conditions. During normal use, absorbent cores in 
absorbent articles are typically sulgected to taisional and torsional forces of varying 
intensity and direction. These ten^onal and tor^onal forces include bunching in the 

10 crotch area, stretching and twisting forces as the person wearing the absorboit article 
walks, squats, bends, and the like. If wet integrity is inadequate^, these tensional and 
torsional forces can potentially cause a substantial alteration and/or disruption in the 
phydcal continuity of the iQrdrogel such that its capability of transporting fluids through 
the contiguous voids and capillaries is degraded, e.g., the hydrogd layer can be 

15 partially separated, fiiUy separated, have gaps introduced, have areas that are 
^gnificantly tlunned, and/or broken up into a plurafity of rigmficantly smaller 
segm^its. Such akeration could minimize or completely negate any advantageous 
permeability/flow conductivity properties of the hydrogel-forming absorbent polymer. 
Accordingly, it would be desirable to be able to provide an absorbent member 

20 comprising: (1) a r^on or r^ons having a relatively high concentration of faydrogd- 
forming absorbent polymer, (2) with permeability/flow conductivity properties more 
like an air-laid fibrous web; (3) that can readily acquire fluids firom even high capillary 
suction acquisition layers under typical usage pressures; (4) in a matrix that provides 
suffident wet integrity such that its capability for acquiring and transporting fluids is 

25 not substantially reduced or mininuzed, even when subjected to normal use forces. 

DISCLOSURE OF THE INVENTION 

The present invention relates to absorbent members useful in the containment of 
30 body fluids such as urine. These absorbent menibers comprise at least one region 
haviiig hydrogd-forming absorbent polymer in a concentration of fit>m about 60 to 
100% by wdght and providing a gel-continuous fluid tran^rtation zone when in a 
swollen state. This hydrogd-forming absorbent polymo* has: 

35 (a) a Saline Flow Conductivity (SFC) value of at least about 30 X 

IQrf coPsec/g; 
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(b) a Peifbxinance under Pressure (PUP) capadty value of at 
about 23 g/g under a confinii^ pressure of 0.7 psi (S kPa); 

(c) a baas wdght of at least about 10 gsm. 

S In addition, the region where this hydrogd-fornung absorbent polymer is present has, 
even when subjected to normal use doiKfitiohs^ sufficient wet integrity such that the 
gel-continuous zone substantially maintains its ability to acquire and transport body 
. fluids through the gelrcontinuous zone. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of an absoib^t article showing an absoiboit 
core according to the present inventioa 

Figure 2 is a at)ss-sectional view of an absorbent article showing another 
1 5 absorbent core according to the present invention. 

Figure 3 is a crbss-sectional view of an absorbent article showing another 
absorbchit core acxbrdiiig to tte^ 

Figure 4 is a cross-sectional view of an absorbent article showing another 
absbrt>ent core according to the prd»nt invehtionL 
20 Figure S is a cross-sectional view of an absorbent article shomng an alternative 

absorbent core to that shown in Figure 4. 

Figure 6 is a cross-secdor^ yiew of an absorbent article showing another 
aherriative absorbent core to that shown in Figures 4 and 5. 

Figure 7 represoits a sdiematic view of an api>aratus for measuring the Saline 
25 Flow Conductivity (SFC) yialue of the hydrbgd-fonning absorbent polymers. 

Figure 8 rqpresents im enlarged siecdonalvidy^ 
shown in Figure 7. 

Ingure 9 represents a plan view of the bottom of the piston head from the 
piston/blinder assembly shown in Rgure 8. 
30 Hgure 10 represents a schematic view of an apparatus for measuring the 

Performance Under Pressure (PUP) capadty of the hydrbgel-forming absorbent 
polymers. 

Figure 1 1 repress an enlarged sectional view of the pistbn/cyiinder assembly 
shown in Figure 10. 



35 
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As used herein, the term **body fluids" includes urine, menses and vaginal 
discharges. 

As used herein, the tenn ''Z-dimenston" refers to the dimension orthogonal to 
the length and width of the member, core or article. The Z-dimension usually 
5 corresponds to the thickness of the member, core Cfr article. 

As used herein, the term '*X-Y dimension** refers to the plane orthogonal to the 
thickness of the member, core or article. The X-Y dimension usually conesponds to 
the length and width of the member, core or aitide. 

As used herein, the term "absorbent core" refers to the compoi^ of the 
10 absorbent article that is primarily responsible for fluid handling properties of the article, 
induding acquiring, transporting, distributing and storing body fluids. As such, the 
absorbent core tyrpically does not include the topsheet or backsheet of the absorbent 
article. 

As used herdn, the term "absorbent mmiber" refers to the components of the 
IS absorbent core that typically provide one or more fluid handling properties^ e.g., fluid 
acquisition, fluid distribution, fliud transportation, fluid storage, etc. The absorbent 
member can comprise the entire absorbent core or only a portion of the absorbent core, 
i.e., the absorbent core can comprise one or more absorbent members. 

As used ho-ein, the terms "region(s)" or "zone(s)" refer to portions or sections 
20 of the absorbent member. 

As use herdn, the term "layer" refers to an absorbent member whose primary 
dimen^on is X-Y, le., along its length and width, ft should be understood that the 
term layer is not necessarily limited to angle layers or sheets of material. Thus the 
layer can comprise laminates or combinations of several sheets or webs of the requisite 
25 type of materials. Accordingly, the term "l^er" indudes the terms "layers" and 
"layered." 

For purposes of this invention, it should also be understood that the term 
"upper" refers to absorbent menfliers, sudi as layers, that are nearest to the wearer of 
the absorbent article, and typically &ce the topsheet of an absorbent artide; conversdy, 

30 the term "lower" refers to absorbent members that are fiirthermost away fi-om the 
wearer of the absorbent artide and typically &ce the backsheet 

As used herein, the term "comprising" means various components, members^ 
steps and the like can be cory'ointiy employed according to the present invention. 
Accordingly, the term "comprising" encompasses the more restrictive terms "consisting 

35 essentially oP and "conasting o^" these latter, more restrictive terms having thdr 
standard meaning as understood in the art. 
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AH percentages, ratios and proportions used herein are by weight unless 
otherwise specified. 

^- Material and Components of the Absorbent M< 



1- Hvdrogel F orming Absorbent PnlvmqT f 
a- Chemical Compoation . 

10 Mrogd-fonning absoitcm polyiHOT usefid in the p^^ 

a variety of water-insoluble, but water-sweHable polymers capable of absorbing large 
quantities of fluids. Such polymers materials are also commonly refeired to as 
"hydrocoUoids", or "superabsori)enf materials and can include polysaccharides such as 
carboxymethyl starch, carfwxymethyl ceUulose, and hydroxypropyl celhilos^ nonionic 
types such as polyvinyl alcohol, and polyvinyl ethers; cationic types such as polyvinyl 
pyridine, polyviiQrl morpholimone, and N,N-dinieth34anunoetli)i or N,N- 
diethyhuninopropyl aoylates and methaciylates, and the respectiye quaternary salts 
thereof Typically, hydros-forming absorbent potymers usefiil in the present 
invention have a multipUcity of anionic, fimctional groups, siich as sulfonic acid, and 
more typically, caiboxy, groups. Examples of polymers suitable for use herein inchide 
those which are prepared fit>m polymeriiable, unsaturated, add-containing monomers. 
Thus, such monomers include the olefimcaOy unsaturated adds and anhydrides that 
contain at least one caibon to carbon olefinic double bond. More specifically, these 
monomers can be selected fiom oiefiiucally unsaturated carbojqriic acids and add 
25 anhydrides, olefinically unsa tur a t ed sulfonic adds, and mfactuies thereof 

Some non-add monomers can also be inchided, usually in minor amounts, in 
prqnring the faydn^forming absori)ent pofymers herda Such non-add monomers 
can indude, for example, tiie water-sduble or water-diqiersible esters of the add- 
containing monomers, as wdl as monomers that contain no caibojQfiic or sulfonic add 
30 groups at alL Optional non-add monomers can thus indude monomers containing the 
following types of fimctional groups: carboxylic add or sulfonic add esteis, hydnn^ 
groups, amide-groups, amino groups, nitrile groups, quatemaiy ammonium salt groups, 
aryl groups (e.g., phenyl groups, sudi as those derived from styrene monomer). These 
non-add monomos are well-known materials and are desofted in greater detail, for 
example, in U.S. Patent 4,076,663 (Masuda et aO, issued February 28, 1978. and in 
U.S. Patent 4,062,817 (Westennan), issued Decemba- 13, 1977, both of which are 
incorporated by refetenoe. 
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Olefinically unsaturated carboxylic add and carboxyfic acid anhydride monomers 
indude the acrylic adds typified by aciyiic add itself; methaoylic add, ethaciylic add, 
a-chloroacryUc add, a-cyanoacrylic add, P-methylacryUc add (crotonic acid), a- 
phenylaciylic acid, p-acryloxypropionic add, soriric add, a-chlorosoibic add. angelic 

5 add, dnnamic add, p-chlorodnnamic add, P-sterylaoyiic add, itaconic acid, 
dtroconic add, mesaconic acid, gluUconic add, aconitic add, maldc add, fiunaric 
acid, tricarboxyethylene and maldc add anhydride. 

Olefinically unsaturated sulfonic add monomers include aliphatic or aromatic 
vinyl sulfonic adds such as vinylsulfonic add, ally! sulfonic add, vii^l toluene sulfonic 

10 acid and styrene sulfonic add; acrylic and methacr^c sulfonic add such as sulfi^ethyl 
aciylate, sulfoethyl methacrylate, sulfopropyl acrylate, sulfopropyl methacrylate, 2- 
hydroxy-3-methacryloxypropyl sulfonic add and 2-aciylamide-2-methylpropane 
sulfonic add. 

Preferred hydrogel-fisrming absorbent polymers for use in the preset invention 
15 contain carboxy groups. These polymers indude hydrolyzed starch-acrylonitrile grafk 
copolymers, partially neutralized hydrolyzed stardi-acrylomtrile graft copolymers, 
starch-acrylic add graft copolymers, partially neutralized starch-acrylic add graft 
copolymers, saponified vinyl acetate-acrylic ester copolymers, hydrolyzed acrylotutrile 
or acrylaimde copolymers, sli^itly network crosslinked po^m of any of the 
20 forgoing copolymers, partiafly neutralized polyacrjdic add, and slightly networic 
crosslinked polymers of partially neutralized polyaciyfic add. These polymers can be 
used dther solely or in the form of a mbcture of two or more different polymers. 
Examples of these polymer materials are disclosed in U.S. Patent 3,661,875, U.S. 
Patent 4,076,663, U.S. Patent 4,093,776, U.S. Paterrt 4,666,983, and U.S. Patent 
25 4,734,478. 

Most preferred polymer materials for use in making the hydrogd-fomung 
absorijent polymers are slightly network crosslinked polymers of partially neutralized 
polyacrylic adds and starch derivatives thereof Most preferably, the hydrogd-fonning 
absorbent polymers comprise from about 50 to about 95%, preferably about 75%, 

30 neutralized, slightly network crossfinked, polyacr>dic add poly (sodium 
acrylate/acrj^ic add)). Network crosslinking renders the polymer substantially water- 
insohible and, m part, determines the absorptive capadty and extractable polymer 
content characteristics of the hydrogd-ftjrming absorbs polymers. Processes for 
networic crosslinking these polymers and typical network (rosslinkiiig agents are 

35 described in greater detail in U.S. Patent 4,076,663. 
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While the faydrogd-fbraung absoibent potyma- is preferably of one type Q.e., 
homogeneoiisX nuxtures of polymers can also be used m the present invention. For 
example, nuxtures of starch-acrylic add graft copolymers aiid slightly network 
crosslinked pofymers of partially neutralized polyacrylic add can be used in the present 
5 invention. 

The faydrogd-forming absorbent polymers usefid in the present invention can 
have a size, shape and/or morphology varying over a wide range. These polymers can 
be in the form of particles that do not have a large ratio of greatest dimension to 
smallest dimension (e.g., granules^ flakes, pulvenilents, int&partide aggregates^ 

10 interparticle oosslinked aggregates, and the like) and can be in the form of fibers, 
sheets, fihns , foams^ and the like. The hydrogel-forming absorbent polymers can also 
comprise nuxtures with low levels of one or more adcfitives, such as for example 
powdered silica, sur&ctants» ghie, binders, and the like. The components in this 
mixture can be physically and/or dienucally associated in a form such that the 

IS hydrogd-foniuhg i)olymer coiniponeiit and the hon-hydrogd-fonning polymer additive 
are not readily physically separable. 

The hydrbgel-forming absorbent polymers can be iesisentially non-porous or 
have substantial intmud porbaty. 

For particles as described above, partide size is defined as the dimension 

20 determined by aeve aze analyas. Thus, for example, a particle that is retdned on a 
U.S.A. Standard Testing Sieve whh 710 micron openings (e.g.. No. 25 U.S. Series 
Alternate Sieve Designation) is considered to have a size greater than 710 microns; a 
particle that passes through a deve vAh 710 iiucrbn opetungs and is retained on a deve 
with SOO micron openings (e.g.. No. 35 U S, Series Ahemate Sieve Dedgnation) is 

25 conddered to have a particle size between 500 and 710 microns; and a particle that 
passes through a deve with 500 oncron openings is conddered to have a size less than 
500 microns. The mass median particle size of a given sample of faydrogd-formitig 
absoibent polymer particles is defined as the partide size tiiat divides the sample in half 
on a mass basis, i.e., one-half of the sample by wdght will have a partide dze less than 

30 the mass me^an dze and one-half of the san4>le will have a partide dze greater than 
the mass mecfian size. A standard partide-size plotting method (wherein the cumulative 
wdght perccait of the partide sample retained on or passed througli a given deve size 
opening is plotted versus sieve size opening on probability paper) is typically used to 
determine mass median partide dze when the 50% mass vdue does not correspond to 

35 the dze opening of a U.S.A. Standard Testing Sieve. These mediods for determining 
partide dzes of the hydrogd-forming absoibent polymer partides are fiirther described 
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in U.S. Patent 5,061^9 (Goldman et. al), issued Octob^ 29. 1991» which is 
mcorporated by reference. ^ 

For particles of hydrogd-forming absorbent polymers usefiil in the present 
invention, the particles will generally range in aze from about 1 to about 2000 nncrons, 
5 more preferably from about 20 to about 1000 microns. The mass median partide aze 
mil generally be from about 20 to about 1500 microns, more preferably from about SO 
microns to about 1000 nucrons, and even more preferably from about 100 to about 800 
microns. 

Within these size ranges, it can be preferable to choose either larger or smaller 
10 • parddes depending on the need for fester or slower absorption Idnedcs. For example, 
for non-porous particles, the swelling rate will generally decrease with increasing 
particle size. It can also be preferable to choose either larger or smaller particles or 
narrower size cuts (fiacdons) of laiger or smaller partides from the bulk polymer in - 
order to increase the gd layer permeability (Le., increase the Saline Flow Conductivity 
15 (SFC) value). For particles of some hydrogd-forming absorbent, polymars, it has be^ 
found that narrower size range cuts containing generally larger partide sizes witMn the 
above specified size ranges have ii^er SFC values without any significant degradation 
in other faydrogel-forming absorbent polymer properties such as Performance Und^ 
Pressure (PUP) capmty and levd of extractable polymer. Thus, for example, it can be 
20 usefiil to use a size cut having a mass median size in the raiige of fix>m about 500 to 
about 710 microns wherein only minimal mass fractions of the particulates have sizes 
dther greater than about 710 microns or less than about 500 microns. Akemativdy, a 
broader ^ cut wherein the partides generally have a »ze in the range of from about 
300 microns to about 800 microns can be usefiil. 

25 

b. Physical Properties 

(1). Saline Flow Conductivitv f SFC) 

30 An important charaaeristic of the hydrogel-forming absorbent polymers usefiil 

in the present invention is thdr permeability or flow conductivity when swollen with a 
body fluids so as to form a hydrogd zone or layer. This permeability or flow 
conductivity is defined herdn in terms of the Saline Flow Conductivity (SFC) value of ^ 
the hydrogd-forming absorbent polymer. SFC measures die ability of the formed 

35 hydrogd zone or layer to transport or distribute body fluids under usage pressures. It 
is believed that when a hydrogel-forming absorbent polymer is present at high 
concentrations in an absorbent monber and then swdls to form a hydrogd tmder usage 
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pressures, the boundaries of the hydrogd cone into contact, and interstitiia voids in 
this high-concentration region become generally bounded by hydrogel. When this 
occurs, it is believed the permeabifty or flow conductivity properties of this region are 
generally reflective of the permcabiUty or flow conductivity properties of a hydrogd 
5 zone or layer formed from the hydrogd-forming absorbeiit polymer alone. It is farther 
beliiBved that increasing the permeability of these swollai high-concentration regions to 
levds that approach or even exceed conventional acquisitioh/distributioh materials, 
such as wood-pulp flufl^ can provide superior fluid handling properties for the 
absorbent member and absorbent core, thus decreasing incidents of leakage, espedally 

10 at high fluid loadings. (Higher SFC vahies also are reflective of the ability of the 
formed hydrogel to acquire body fluids under normal usage conditions.) 

The SFC value of the hydrogel-forming absorbent polymers usefal in the 
presera invention is at least about 30 x 10-7 cm^sec/g, preferably at least about 50 x 
10-7 cm^sec/g, and ihost preferably at least about 100 x 10-7 cm^sec/g. Typically, 

15 these SFC values are iiQ the range of from alwut 30 to about 1000 x 10-7 cm^sec/g, 
more Qrpically from about 50 to about 500 x 10-7 cm^sec/g, and most typically from 
about 100 to about 350 x 10-7 cnPsec/g. A method for determining the SFC value of 
these hydrogel-forming absorbent polymers is provided hereafter in the Test Method 
Sectioa 



20 
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(2). Perft)rmance Under Pressure (Pl]P\ 



Another important characteristic of the hydrogd-forming absorboit polymers 
usefiil in the imsent invention is thdr demand absdrbency c^adty under a high 
confinihg pressure. This deniaiid-absorbency capadty is defined in terms of the 
polymer's Performance Under Pressure (PUP) capadty. PUP capacity measures the 
ability of a high baas wdght zone or of the hydrogd-forming absorbent polymer 
to absorb body fluids under usage pressures. When a liydrogel-fi»nmrig absorbent 
polymer is incorporated into an absorbent member at high concentrations, the polymer 
30 needs to be capable of absorbing large quantities of body fluids in a reasonable time 
period under usage pressures. Otiierwise, the absorbent meniber will be less effective 
at absorbing fluid, e.g., by partitioning fluid firom acqiiiation components that provide 
temporary holding capacity for this fluid. WKen tius occurs, it is believed that tiie 
absorbent core is left with insu£5dent tenq>orary holding capacity to contain 
35 subsequent gushes of body fluid and can leak prematurely. Also, to be able to deliver a 
high storage capacity fix>m an absorbent core of mhumal wdght and thickness, the 
Iqrdrogd-forming absorbent polymer needs to have a rdativdy high PUP cwadty. A 
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relatively high PUP capadty hydrogd-forming polymer is also needed to provide 
economical absorbent cores. 

Usage pressures exerted on the hydrogel-fonning absorbent polymer include 
both mechanical pressures (e.g.» exerted by the wdght and motions of the user, t£M[)ing 

S forces^ etc.) and capillary pressures (e.g., resultix^ from the acqiuation component(s) 
in the absorbent core that temporarily hold fluid before it is absorbed by the hydrogel- 
forming absorbent polymer.) It is believed that a total pressure of about 0.7 psi (S kPa) 
is reflective of the sum of these pressures on the hydrogei-formirig absorbent polymer 
as it absorbs body fluids imder usage conditions. 

10 The PUP capadty of hydrogd-fomung absorbent polymers useful in the present 

invention is generally at least about 23 g/g, preferably at least about 25 g/g, and most 
preferably at least about 29 g^g. Typically, these PUP capadty values are in the range 
of from about 23 to about 35 g/g, more typicaUy from about 25 to about 33 g/g, and 
most typically from about 29 to about 33 g/g. A method for d^ermining the PUP 

15 capadty value of these hydrogel-forming absorbent polymers is provided hereafter in 
the Test Method Section. 

(3). Extractable Polymer 

20 Another important diaracteristic of faydrogd*forming absorbent polymers 

useful in the present invention is the levd of extractable polymer material present 
therein. See U.S. Patent 4,654,039 (Brandt et al), issued Mardi 31, 1987 (rdssued 
April 19, 1988 as Re. 32,649). Many faydrogd-forming absorbent polymers contain 
significant levels of extractable polymer material. This extractable polymer material can 

25 be leached out from the resultant hydrogd by body fhuds (e.g., urine) during the time 
pmod sudi body fluids remain in contact with the hydrogd-forming absorbent 
polymer. It is believed such extracted polymer material can alter both the chemical 
characteristics (e.g., osmolarity) and physical diaracteristics (e.g., viscosity) of the 
body fluid to such an extent that the fluid is more slowly absorbed aiul more poo^ 

30 held by the hydrogel. This polymer contaminated fluid is also more poorly transported 
through the absorbent member. Sudi a situation can contribute to unde^ble and 
premature leakage of body fluid from the absorbent artide. Thus it is desirable to use 
hydrogd-forming absorbent polymers with lower levds of extractable polymer 
material 

35 The inq>ortance of not adversdy impactirig the effective absorption/retention of 

body fluids by the swollen hydrogel-formmg absorbent polymer, or the facile transport 
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of body fluids through r^ons of the absorbent member containing the swoHen 
polymer, is believed to be particulariy true as: (a) the^ quantity of pofyraer m the 
absorbent member is increased; (b) the quantities of other absorbent components (e.g., 
fibers) are decreased; and/or (c) the localized concentration of polymer in the absorbent 
5 member is increased. Thuis, for example, it is believed that at hi^er locaHzed 
concentrations of hydrogd-forming absorbent polymer in the absorbent member, there 
is a ^nailer volume of fluid whhin the interstitial repons O e,, outside the hydrogel) to 
dilute the extractable polymer material; thus tendirig to incarease its concentration in 
these interstitial regions. TWs exacerbates thi effect of the cxtractabte 

10 absorbed body fluids within these interstitial regions. 

The adverse impact of Wgher levels of extractable polymer on the 
absorption/retention of fluid by the faydrogd-fomuiig absorbent polymer and the 
transport of fluid through the interstitial r^ons within the rdultant hydrogel zone or 
toycr is also discernible in tcrnis of PUP capacity and SFC v^^ Thus, for example, it 

15 is not unusual for hydrogel-forming absorbient polymers having higte levels of 
extractable polymer material to have a PUP capacity value that decreases over time 
(e g., is lower at 225 minutes versus 60 minutes). This decrease iii absorption/retention 
of fluid over time is believed to be, at least in part, a consequence of higher levels of 
extractable polymer being present to alter the chemical properties of the interstitial 

20 fluid. It is also not unusual for a hydrogd-fonning absorbent polymer having highCT 
levds of extractable polymer material to have a SFC value that is initially lower and 
then increases over time to a greater extent than a comparable Iqrdrogd-forming 
absorbent polymer having a lower levd of extractaUe polymer. A lower iiutial SFC 
vdue for the higher exuactable-poiymer materid is beHeved to result, at least m part, 

25 firom a higher initid viscodty for interstitid fluid. 

Aocordingjly, for hydrogd-forming absorbent polymers usefid in the present 
invention, it is preferred that the levd of extractable polymer be about 15% or less, 
more preferably about 10% or less, and most prderably about 7% or less of the totd 
polymer. Methods for determining the levels of extractable polymer in these hydrogel- 

30 forming, absorbent polymers invention are provided hereafter, m the Test Method 
Section. 

(4). Porosity of Hvdropd Zone or Laver 

35 Another important characteristic of hydrogd^fimning absorbent polymers 

useful in the present invention is the porosity of the faydrqgd zone or layer formed 
when the polymer is swollen m body fluids under a confining pressure. As used herdn. 
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the tenn "porosity means the fractional volume (dimension-less) that is not occupied 
by solid material. See J. M. Coulson et al.. Chemical Engineering Vol. 2, 3rd Edition, 
Pergamon Press» 1978, P126. For a faydrogel zone or layer formed entirely from a 
hydrogel-forming absorbent polymer, porosity is the fractional volume of the 
5 zone/layer that is not occupied by l^drogel. For a i^on of an absorboit member 
containing the hydrogel, as well as other components^ porosity is the fractional volume 
of the region (also referred to as interstitial volume and volume of interstitial re^ons) 
that is not occupied by the hydrogel, or other solid components (e.g., Sb&s). Porosity 
of an absorbent region is equal to the ratio of the interstitial volume within the region 

10 to the total volume of the region. 

The porodty of the hydrogel zone or layer measured under a confining pressure 
of 0.3 psi is important primarily because of its impact on permeability (le., SFC values) 
of the hydrogel zone/layer. Higher porosity's are an important contributor to higher - 
permeability. Conversely, a hydrogd zone or \ayec with a relatively low porointy is less 

IS likely to have very high p^meability. Accordingly, it is preferred that the faydrogel 
zone or hyer formed vfhen the hydrogel*fi>niung absorbent polymers of the present 
invention are swollen by body fluids have a relatively high poro^ under a confining 
pressure of 0,3 psi. 

20 (5). GelVohmie 

Another diaracteristic that can be important for hydrogd-forming absorbent 
polymo^ usefiil in the present invention is gel volume. As used herein, the '*gd 
volume** of a faydrogel-forming absorbent polymer is defined as its free-swell absorbent 

25 capacity when swollen in an excess of Jayco synthetic urine. It pro^des a measure of 
the maximum absorbent capadty of the polymer under conditions of use where the 
pressures on the polynm are rdatively low. Methods for determining the gd volumes 
of these hydrogd-fbnmng polymers are provided hereafter in the Test Method Section. 
It is preferred that the faydrogel-formiiig absorbent polymer have a rdativdy 

30 high gd volume. This allows the polymer to absorb a greater quantity of body fluids 
under usage situations where the pressures on the polymer are bw. It is prefisrred that 
the gd volume of the hydrogel-forming absorbent polymers of the present invention be 
at least about 20 g/g, more preferably at least about 25 g/g, and most preferably at least 
about 30 g^g. Typically, these gd volumes are in the range of from about 20 to about 

35 100 g/g, more typically &om about 25 to about 80 g/g, and most typically from about 
30 to about 70 g/g. 
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(6). Gd Stren|gth . 

. Another characteristic that can be import^ for hydrogd-forming absorbent 
polymers use&I m the present inventioii is gd strength. As used herein, "gd strength" 
relates to the tendency of the Iqrdrogd formed from the absorbent polymer to deform 
or -flow" under usage stresses. Gd stren^ peeds to be such that the hydrogd does 
not deform and fiU to an unacceptable degree the void spaces between the hydrogd and 
the other components in the absorbent tpeaiber. In general, increaang gd strength will 
result in an increase m the permeabilhy and porosity of a hydrogd zone or layer formed 
from the hydrogd-foiming absorbent polymer. A method for detennining the gd 
strength of the hydrogd-forming absorbent polymers of the prttent invention is 
provided hereafter in the Test Method Sectioa 

Although maximizing gd strength is not as critical as other properties such as 
SFC and PUP capacity, it is preferred that the faydrogd-fonning absort)ent polymers of 
the present invention have a relatively high gd strength. This inoeases the aWIity of 
the formed hydrogd to resist deformation under usage pressures^ It is prrferred that 
the gd strength of the hydrogd-forming absoibent polymers of the present invention be 
at least about 10,000 dynes/cm2, more preferably at least about 20,000 dynesf^cm^, and 
most preferabfy at least about.40,000.(fynes/cn»2. 



C. MethodisfhrMalriup 



The basic hydrogd-forming absoibem polymer can be fonned in any 
conventiond manner. Typicd and preferred processes for producing these polymers 
25 are described in U:S. Rdssue Patent 32,649 (Brandt et O), issued April 19, 1 988, U. S. 
Patent 4,666,983 (Tsubakimoto et al)i issued 19, 1987, and U.S. Patent 
4,625,001 (Tsubaldnioto et alX issued November 25, 1986, aO of y/iuch are 
incorporated by reference. 

Preferred methods for forming the basic hydrogd-forming absorbent polymer are 
30 those invohnng aqueous sohition or other sohition polymerization methods. As 
described m the above-refermced U.S. Patent Reissue 32,649, aqueous sdution 
polymerization involves the use of an aqueous reaction mixture to cany out 
polymerization. The aqueous reaction mixture is then sutgected to polymerization 
conditions w*ich are sufiBdem to produce in the mixture, substantially water-insohible. 
35 slightly network crosslinked polymer. The mass of polymer fonned can then be 
pulverized or cbo]4)ed to fonn imfividud particles. .. • - 
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More spedfically, the aqueous solution polymerization method for producing the 
hydrogel-foniung absoibent polymer comprises the preparation of an aqueous reaction 
mixture in which to cany out the polymerization. One element of such a reaction 
mixture is the acid group-contaimng monomer that will form the "backbone" of the 
5 hydrogd-fbrnung absoibent polymer to be produced. The reaction mixture will 
generally comprise about 100 parts by wdght of the monomer. Another component of 
the aqueous reaction mixture comprises a network crosdinking agent. Network 
crossUnking agents useful in forming the hydrogel-forming absort)ent polymer 
according to the present invention are described in more detail in the above-referenced 
10 U.S. Reissue Patent 32,649. U.S. Patait 4,666,983, and U.S. Patent 4,625,001. The 
network crossUnking agent will generally be present in the aqueous reaction mixture in 
an amount of from about 0.001 mole percent to about S mole percent based on the 
total moles of monomer pr^nt in the aqueous nuxture (about 0.01 to about 20 parts 
by wdght, based on 100 parts by wdght of the monomer). An optional component of 
IS the aqueous reaction mbcture comprises a free radical initiator including, for example, 
peroxygen compounds such as sodium, potasdum, and ammonium persulfates, capiylyl 
peroxide, benzoyl peroxide;, hydrogen perojdde, cumene hydroperoxides^ testiary butyl 
diperphthalate, tertiary butyl perbenzoate, sodmm peracetate, sodium percarbonat^ 
and the fike. Other optiond components of the aqueous reaction mbcture comprise the 
20 various non-addic co-monomerS, including esters of the essentid unsaturated addic 
functiond group-containing monomers or other co-monomers containing no carboxylic 
or sulfoiuc add fimctionalities at alL 

The aqueous reaction mbcture is subjected to polymerization conditions which 
are sufiSdent to produce in the nuxture substantially wat^-insohible, but water- 
25 swdlable , hydrogd-forming absorbent slightiy network crosslinked polymm. The 
polymerization conditions are dso discussed in more detdl in the three above- 
referenced patents. Such polymerization concfitions generally involve heating (thermd 
acth^on techniques) to a polymerization temperature from about 0^ to about lOO^C, 
more preferably from about S"" to about 40**C. Pofymerization conditions under vrfiich . 
30 the aqueous reaction mbcture is maintained can also indude, for example, subjecting the 
reaction mbcture, or portions thereof to any conventiond form of polymerization 
activating irradiation. Radioactive, dectromc, ultraviolet, or dectromagnetic radiation 
are dtemative conventiond polymerization tedmiques. 

The add fimctiond groups of the hydrogd-fomung absori>ent polymer formed in 
35 the aqueous reaction nuxture are also preferably neutralized. Neutralization can be 
carried out in any conventiond manner that results in at least about 25 mole parent. 
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and more preferably at least about 50 mole percent, of the total monomer utilized to 
form the polymer being add group-containing -monomers that are neutralized with a 
salt-forming cation. Such salt-forming cations include^ for example alkali metals, 
ammonium, substituted ammomum and amines as discussed in fiirther detail in the 
S above-references U.S. Reissue Patent 32,649. 

While it is preferred that the particulate versions of hydrogel-fbrming absorbent 
polymer be manu&ctured using an aqueous sohition polymerization process, it is also 
possible to cany out the polymerization < process uang multi-phase polymerization 
processing techniques such as inverse emulsion polymerization or inverse suspension 

10 • polymerization procedures. In the bvCTse emulsion polymerization or inverse 
suspenaon polymerization procedures, the aqueous reaction mixture as described 
before is suspended in the form of tiny droplets in a matrbc of a water-imiiuscible, inert 
organic solvent such as cyclohexane. The resultant particles of hydrogel-forming 
absmbrat polymer are generally spherical in shape. Inverse suspension polymerization 

15 procedures are described in greatler detail in U:S. Patent 4,340,706 (ObaysasM et al), 
issued July 20; 1982, U.S; Patent 4,506,052 (Flesher et d), issued March 19, 1985, and 
U.S. Patent 4,735,987 (Morita et al), issued Aprils, 1988, aD of which are 
incorporated by reference. 

Siir&ce crosstinldng of the initially formed polymers is a preferred process for 

20 obt^nmg faydroget-forming absoibent polymers having relatively hi^ SFC and PUP 
capacity values. Hydrogel-forming absorbent polymers that are sur&ce crosslinked in 
goieral have higher values for SFC and PUP than those having a comparable level of 
"fimctional" crosslinks but^withoiit surfiu^e crossluddng. Without being bound by 
theory, H is bdieved that sur&ce crosslinking inoeases the reastance to drf^ 

25 faydrogd^forming absbrbient polymer surfeces, thus redudiig the degree of contact 
between ndghbbring polymer suifices vAicXi the resultant hydrogd is deformed under 
an external pressure. The degree to wfaidi SFC and PUP ciq>adty vahies are enhanced 
by surfiice crosslihidng depends on the rdative levels and distributions of internal and 
surfiice oossiinks and the spedfics of the sur&ce oossUnldng chenustry and process. 

30 Functional crosslinks are those that are elasticiyiy active aiid contribute to an 

increase m modulus for the swollen hydrogd-forming absorbent^ polymers. Gd volume 
generally provides a reasonable measure of the overall ievd of "fimcdonal" crosslinking 
in an hydrogd-forming absorbent polymer, assuming that the only .dgnifiaint variable is 
the Ievd of crosslinking. Generally, gd volunie has an inverse powo'-law dependence 

35 on the Ievd of crosslinking. Ad(fitiond means for d^ermining the overall levds of 
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functional crosslinks mdude measurements of sliear and elastic modulus of the 
resultant hydrogd formed by the swollen polymer. 

Sur&ce crosslinked faydrogel-forming absorbent polymers have a Ugher level of 
CTosslinking in the vicinity of the suifece than in the interior. As used herein, "surfece" 
S describes the outer-facing boundaries of the particle, fiber, etc. For porous hydrogd* 
fonning absoibent polymers (e.g., porous particles, etc.), exposed internal boundaries 
can also be inchided. By a lugher levd of crosslinldng at the sur&ce, it is meant that 
the level of functional crosslinks for the hydrogd-fonning absorbent polymer in the 
vicinity of the surface is genially higher than the levd of fimctional crosslinks for the 
10 polymer in the interior. 

The gradation in crosslinking fi-om sur&ce to interior can vary, both in depth 
and profile. Thus, for example, the depth of surfece crosslinking can be shallow, wth a 
relatively sharp tranation to a lower levd of crosdinking. Altemath^ely, fi>r example, 
the depth of sur&ce crosdinking can be a significant fraction of the dimensions of the 
1 5 hydrogel-forming absorbent polymer, with a broader transition. 

Depending on size, shape, porosity as wdl as fimctional considerations, the 
degree and gradient of surfiice aosslinking can vary within a given hydrogd-forming 
absorbent polymer. For particulate hydrogd-forming absorbent polymers, surfece 
crosslinldng can vary with particle size, porosity, etc. Depending on variations in 
20 surfecervolume ratio witlun the l^rdrogel-formiiig absorbent polymer (e.g., between 
small and large particles), h is not unusual for the overall levd of crosslinking to vary 
within the material (e.g., be greater for smaller partides). 

Surface crosslinking is genmily accomplished after the final boundaries of the 
hydrogd-fdmung absorbent polymer are essentially established (e.g., by grindirig, 
25 extruding, foaming, etc.) However, it is also possible to effect surfiu:e crosslinkirig 
concurrent with the creation of final boundaries. Furthermore, some additional 
changes in boundaries can occur even after surfece crosslinks are introduced. 

A nurhber of processes for introdudrig surfece crosslinks are disdosed in the 
art. These include thosci;**cre: 0 a di- or poly-fimctional reagent(s) (e.g., glycerol, 
30 l,3^ioxolan-2-one, polyvalent metal ions, polyquatcmary anunes) citable of reacdrig 
with existing fimcticmal groiqis within the hydrogel-forming absorbs polymer is 
applied to the surfece of the hydrogd-forming absorbent polymer, C") a di- or poly- 
fimctional reagent that is capable of reactmg with other added reagents and possibly 
existing functional groups within the hydrogd-formirig absorbent polymer such as to 
35 increase the level of crosslinking at the surfece is Bpphed to the surfece (e.g., the 
addition of monomer plus cros^nker and the initiation of a second polymerization 
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reaction); C«iO no additional polyfiinctiohal reagents are added, but additional 
reaction(s) is induced amongst existing components witiiin tiie hydrogd-fonning 
absoibent polymer either during or after tiie primary polymerization process such as to 
generate a higher level of crosslinking at or near the surfiice (e.g., heating to induce Uie 
fonnation of anhydride and or esters crossEnks between existing polymer carboxyUc 
add and/or hydroxy! groups and suspension polymerization processes wherein the 
crosslinker is inherently present at higher levels near the suifece); and Ov) other 
materials are added to tiie suffice such as to induce a higher level of crosslinking or 
otiwrwise reduce die suffice defornialnlity of tiie resultant hydrogd. Coinbiiations of 
tiiese suffice crosslinking processes eitiier concurrenUy or in sequence can also be 
cnq»loyed. In addition to crosslinking reagents, otfio- components can be added to the 
suffice to aid/control tiie distribution of crossGnkmg (e.g., tiie spreading and 
penetration of the suffice crosslitiking reagoits.) 

SuitaUe general metiiods for canyii^ out suffice crossiinkitig of faydrogel- 
formmg absorbent polymers according to the present invention are disclosed in U.S. 
Patent 4,541,871 (6bayasto^, issued S<q>teniber 17, 1985; published PCT application 
W092/16565 (Stanley), published October 1, 1992, published PCT application 
WO90/08789 CTaiX published August 9. 1990; pubUshed PCT appUcation 
WO93/p5080 (Stanley), published Match 18. 1993; US Patent 4,824,901 
(Ahsxander), issued April 25, 1989; U.S. Patent 4,789.861 (Johnson), issued' Janiiaty 
17, 1989; U.S. Patent 4,587,308 (Makita), issued May 6, 1986; U.S. Patent 4,734,478 
CTsubaWmotoX issued March 29, 1988; U.S. Patent 5,164,459 (Kimuia et al.), issued 
November 17, 1992; pubBshed German patent appUcation 4,020,780 (DahmenX 
published August 29, 1991; and published Eutopean patent appfiqttion 509,708 
(GartnerXpiAHshed October 21, 1992; aDof«4udiareincofpofatedbyrefoence. ' 

The hydrogel-forming absotbent pdymer particles prepared according to tiie 
present invemion are typically substantially dry. The term "substantially dry" is used 
heron to mean tiiat tiie particles have a fluid content, typically water or otiier sokition 
content, less tinn about 50%, preferably less tiian about 20%, nwre pteferably less tiian 
iibout 10%, by weight of tiie particles. In general, tiie fluid content of tiw hydrogel- 
fonniiig absort)ait polymer partides is in tiie range of from about 0.01% to about 5% 
by wei^ of tiie partides. The nufividual partides can be dried by aiiy conventional 
metiiod such as by heatii^ Alteraativdy, yAea the partides are fiwmed usfaig an 
aqueous reaction mbcture, water can be removed fmm the reaction mixture by 
azBotropic distillation. The polymer^ontaiinng aqueous reaction mfacture can also be 
treated witii a dewateriiig so^ent such as metiianoL Combmations of tiiese drying 
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procedures can also be used. The dewatered mass of polymer can then be chopped or 
pulvaized to form substantially dry particles of the hydrogd-forming absorbent 
polymer. 

5 d. Specific Examples 

The following provides some spedfic exanq>les of hydrogd-forming absorbent 
polymers suitable for use in the present invendon: 

10 Example 1: Surface Treatment of Nalco 1 180 wth Ethylene Caifaonate 

A non-surface-crosslinked particulate partially neutralized sodium polyacrylate 
hydrogel-forming polymer, obtained from Nalco Chenucal Co., Nq>erville HI (Nalco 
11 80; lot no. NCGLG3C920E), is used and has the properties listed under Sample 1-1 . 

IS in Table 1 below. A 20.0 gram aliquot of this hydrogel-forming absorbent polymo* is 
divided equally into two pre-wdgjied ISO x 15 mm di^sable polystyrene petri dishes. 
The polymer in each of the petri dishes is spread out over the bottom, so that the 
partides are generally not piled on top of each other. A PreVal Spray Gun (PredAon 
Valve Corp; Yonkers^ N.Y.) is used to deposit 2.0 g of a SO wdgjit percent aqueous 

20 solution of ethylene carbonate (l,3-dioxolan-2-one; Aldrich cat no. £2,625-8) on the 
particles. This corresponds to a 10% wdght add-on to the starting polymer. 
Approximatdy one-half of the total application is sprayed over exposed surfaces of the 
particles in the two petri dishes. This causes the particles to generally adhere in a 
sheet-like structure. The petri dshes are covered, inverted, and tapped so that, for 

25 each petri dish, the she^-like structure is transferred to the inverted cova* of the petri 
dish and the bottom surfaces of the particles are exposed. Partides adhering to the 
bottom of the petri dish are scraped off and transferred to the inverted cover. The 
second half of the application is then applied. The inverted cover of the petri dish is 
then covered by the inverted bottom of the petri (fish . The entire system (petri dish 

30 bottom, petri dish cover, hydrogel-foniung polymer, & q)plied ethylene carbonate 

solution) is wdgbed. The total wdght of ethylene carbonate solution dqposited in both i 
petri (Ushes is detemuned gravimetricaDy, by difference from the combined wdght prior 
to spraying. 

The treated hydrogd-forming absorboit polymer is transferred to a Number 20 
35 U.S. A Standard Testing Sieve (850 micron opening). The sheet-like structure is gentiy 
disrupted with gentie pressure udng a spatula and plastic scoop so that the bulk of the 
polymer passes through the screen and is collected in a pan. Some physical losses 
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occur during this process. The partioilate polymer is transferred to a tarred glass 
beaker and covered with a watch glass. The sample is then placed into a pre-heated 
Despatch LFD Forced Ab Oven that is preset at a tempmture of 195*C. It is removed 
after one hour, placed in a deaccating' box over Drierite, and rewdghed after cooling 
5 to ambient temperature. The percent weight loss as a result of heating is 12.2%. 

The resultant sur&ce-treated polymer particles tend to adhere to each other. 
The particulate mass is gendy disrupted with a spatula and teansferred back to the No 
20 sieve. The bulk of the particles, passes through the aeve upon gentle agitation and 
pressure and are collected in the pan. Some slight additional phy»cal losses occur 
10 during this process. The sur&ce-treated polymer particles are then transferred to a 
tarred bottle for weighing and storage. A product wdght of 17.4 grams is obtained. 

The properties of these sur&ce-treated polymer particles (sample 1-2) are 
shown in Table 1 bdow: 

■ 
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Table 1 



Sample 
Code 


Mass 

Kfedian 

(microns) 


Gel Volum 


Extractables 
(weight %) 


PUP 
Capacity 

im 


SFC Value W 
(10~'^xcm^sec/gni) 




400 


42.2 


9 


8.6 


0.073^-^> 


1-2 


450 


35.6 


7 


29.3 


115 



(^)Average of three detenninations 
5 ^^^f^ polymer for preparation of sample 1-2 Owior to suffece CTosslinking) 
(3)The absorption time for Jayco SynUrine is extended to 16 hours for this sample 

Example 2: Surface Treatment o f Nalco 1 1 80 with Ethylene Carbonate at Different 
Levels 

10 

The surface-treatment procedure described in Example 1 is repeated on two 
additional 20.0 gram aliquots of the Nalco 1180 particulate hydrogel-forming 
absorbent polymer, but varying the percent add-on of 50% aqueous ^hylene carbonate 
solution and reducing the oven temperature 185X. Again, each of the 20.0 gm 
15 aliquots is divided evenly into two polystyrene petri dishes for the dqK>ation of the 
ediylene cai1>onate solution. The surface treated samples are again heated for a time 
period of one hour. The results are shown in Table 2 below: 

Table 2 

20 



Sample 
Code 


Ethylene 
Caitonat 
Solution 
(wt %) 


Weight 
Loss 
@185*^ 
(%) 


Mass 

Mecfian 

(microns) 


Gel 

Vohune 


Extractables 
(wdgbt%) 


PUP 
Capacit 


SFC Value 
(10-7*cm3sec/ 


2-1 


10.5 


12.0 


470 


38.2 


7 


30.6 


44 


2-2 


20.0 


17.1 


460 


36.0 


7 


30.0 


69 



(^)Average of three detemunations 



Example 3: Hvdrogel-Forming Absorbe nt Polvmers From Commercial Sources 

The properties of certain particulate partiaDy-neutrafized sodium polyacrylate 
faydrogel-foFming polymers obtained from commerdal sources useful in the present 
invention are shown in Tables 3-1 and Table 3-2: 
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10 



Table 3-1 




(Ostockhausen, Chonische Fabrik Stockhav 
(2)Nalco Chemical Company of NapovOle, 
P)Chemdal Corporation of Palatine. Illinois 



Table 3-2 



Sample 
Code . 


Mass Median 
(nuCTons) 


Gel Volume 


Extractables 
(wdght %) 


« 

PUPCapadty 


SFC Value (») 
(lQr7xciH3sec/gm 


3-1 


430 


29.1 


5 


25.9 


166 


3-2 


500 


30.3 


7 


25.2 


130 


3-3 


360 


35.7 


5 


29.9 


61 


3-4 


360 


34.7 


4 


29.9 


49 


3-5 


390 


35.2 


4 


30.9 


57 


3-6 


500 


35.4 


15 


23.6 


93 


3-7 


440 


37.2 


13 


23.4 


70 



15 



(^Avmge of three 



Example 4: Selected Size Fractions of Hvdrofgel-Forminy^ Polymers 



Selected size fi^ons of particulate partially neutralized sodium polyacryiate 
hydrogel-fonrang absorbent polymers are obt^ed by size fractionation of the bulk 
20 polymers through U.S.A. Standard Testing Sieves. The properties of these 
fractionated samples are shown in Table 4 below: 



Table 4 
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Sample 
Code 


Sample 
Source 


Size 

Fracdon 

(microns) 


Gel 

Volume 


Extractables 
(wdght %) 


PUP 


SFC Value 
(lO-^x cm^sec/g) 


4-1 




500-710 


44.4 


10 


30.5 


35 


4-2 


3-2 


500-710 


29.6 


7W 


25.2 


206 ' 


4-3 


3-1 


500-710 


28.2 


4 


25.7 


355 


4-4 


N 


355-500 


29.2 


6 


26.4 


252 


4-5 


m 


250-355 


30.3 


6 


26.9 


166 


4-6 


It 


180-250 


30.0 1 6 


27.2 


90 



(0 Average of three determinations 
(^) Estimated from value for source sample (# 3-2). 
*Unfractionated sample source is L-76If lot no. 2T12, obtained from Nippon 
5 Shokubai of Osaka, Japan. The source polymer has the following properties: 

mass median aze, 390 mimns; gd volume, 4L4 c/g; extractables, 10 wt%; 
PUP caparity, 29.4 g/g; SFC vahie, 18 x 10-'^ cm^sec/gm. 

2. Fibrous Materials 

10 

The absorbent members of the present invention can comprise fibrous materials 
to form fibrous web or fibrous matrices. Fibm usefid in the present invention inchide 
those that are naturally occurring fibers (modified or unmodified), as well as 
synthetically made fibers. Examples of suitable unmodified/modified naturally 

15 occurring fibers include cotton. Esparto grass, bagasse, kemp, flax, »lk, wool, wood 
pulp, chemically modified wood pulp, jute, rayon, ethyl cellulose, and cellulose acetate. 
Suitable synthetic fibers can be made from polyvinyl chloride, polyvinyl fluoride, 
polytetrafluoioetfaylene, polyvin)^dene chloride, polyaciylics such as 
polyvinyl acetate^ polyethylvinyl acetate, non-soluble or soluble polyvinyl alcohol, 

20 polyolefins such as polyetlqlene (eg., PULPEX®) and polyprop)4ene, polyanudes 
such as nylon, polyesters such as DACRON® or KODEL®, polyurethanes, 
polystyrenes^ and the like. The fibers used can comprise soldy naturally occurring 
fibers, solely synthetic fibers, or any compatible combination of naturaOy occurring and 
synthetic fibers. 

25 The fibers used in the present invention can be hydrophilic, hydrophobic or can 

be a combination of both hydrophilic and hydrophobic fibers. As used herdn, the term 
"hydrophilic" describes fibm, or sur&ces of fibers, that are wettable by aqueous fliuds 
(e.g., aqueous body fluids) deposited on these fibers. Hydrophilirity and wettability are 
typically defined in terms of contact angle and the surface tension of the fluids and 

30 solids involved. This is cfiscussed in detail in the American Chemical Sodety 



wo 9M6209 



PCT/US9S/02442 



29 



publication entitled Contact Anfde. Wettability arid Adhesion^ edited by Robert F. 
Gould (Copyright 1964). A fiber, or surface of a fiber, is said to be wetted by a fliud 
Ci.e., hydrophilic) when ehher the contact angle b^een the fluid and the fiber, or its 
surface, is less than 90% or when the fluid tends to spread spontanecmsly across the 
sur&ce of the fiber, both conditions noimaOy co^existing. Conversdy, a fiber or 
sur&ce is considered to be hydrophobic if the contact an^e is greater than 90^ and the 
fluid does not spread spontaneously across the sur&ce of the fibar. 



upon 



The particular sdectiori of hydrophilic or hydrophobic fibers will d< 
the fluid handling properties and other characteristics desired fi^r the resuhing 

10 absorbent member. For example, for absorbent members that are to be used to replace 
completely, or partially, a Iqrdrophobic, nonwoven topsheet, at least one of the 
absorbent members^ typically the member adjacent the wearer of the absorbent article, 
can desirably comprise hydrophobic fibers. The use of hydrophobic fibers in at least 
one of the absorbent mieinbers can also be usefiil where the member comprising the 

IS liydrophobic fibers is adjaceait a ''breathable," but soinewhiat fluid pervious bslcksheet of 
an absorbent article i^cli as in&nt training pants; the member comprising the 
hydrophobic fibers pro\ides a fluid impervious barriier. 

For many absorbent members according to the presoit iiivention, the use of 
hydrophilic ibm is prefisrred. This is espedaOy true for absorbent members that are 

20 desird to eflSdendy acquire discharged body fluids, arid then qiuddy traii^er and 
distribute the acquired fluid to other, remote re^^ons of the absorbent member or 
absorbent core. The use of hydrophilic fibers is paxticulariy desirable for those 
absorbent members that conqjrise the hydrogel-fi>nmng absor1>ent polymers. 

Suitable hydrophilic fibers for use in the present invention indude celluloac 

2S Sbexs, modified cellulosic fibers, rayon, polyester fibers such as polyethylene 
terephthalate (e.g., DACRON®), hydrophilic nylon (HYDROFIL^, and the like. 
Swtable hydrophilic fibers can also be obtamed by faydrophilizing Iqrdrophobic fibers, 
such as surfactant-treated or silica-treated thermoplastic fibers derived from, for 
example, polyolefins sudi as poiyeth^ene or polypropylene, polyacryDcs, polyamides, 

30 polystyrenes, po^wethanes and the like. For reasons of availability and cost, cellulosic 
fbctSy in particular wood pulp fibers, are preferred for use in the present invention. 

Siutable wood pulp fibers cari be obtjuned from well-known chemical processes 
such as the Kraft and sulfite processes. It is espedally preferred to derive these wood 
pulp fibers fix)m southern soft woods due to thdr premium absorbency characteristics. 

35 These wood pulp fibers can also be obtained firom mechanical processes, such as 
ground wood, refiner mechanical, thermomechanical, chemimechanical, and chemi- 
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thennoinechamcal pulp processes. Recycled or secondaiy wood pulp fibers, as wdl as 
bleached and unbleached wood pulp fibers^ can be used. 

A desirable source of hydrophilic fibers for use in the present invention, 
especially for absotbent members proving both fliud acquisition and distribution 

5 propeities, is chemically stiffened cellulosic fibers. As used herein, the tenn 
"chemically stiffened cellulosic fibers** means cellulosic fibers that have been stiffened 
by chemical means to increase the stiffiiess of the fibers under both diy and aqueous 
conditions. Such means can include the addition of a chemical stiffening agent that, for 
example, coats and/or impregnates the fibers. Such means can also mchide the 

10 stiffening of the fibers by altering the chemical structure, e.g., by o'osdinldng polymer 
chmns. 

Polymeric stiffening agents that can coat or impregnate the cellulose fibers 
mclude: cationic modified starches having mtrogen-containing groups (e.g., amino 
groups) sudi as those available fit)m National Starch and Chemical Corp., 

15 Bridgewater, NJ, USA; latexes; wet strength resins such as polyamide-epichlorohydrin 
resin (e.g., Kymene® S57H, Hercules, Inc. Wihnington, Delaware, USA), 
polyacrylamide resins described, for example, in U.S. Patent 3,556,932 (Cosda et alX 
issued Januaiy 19, 1971; commerdally available polyacr^anndes marketed by 
American Cyanamid Co., Stamford, CT, USA, under the tradename Parez^ 631 NC; 

20 urea formaldehyde and mdamine formaldehyde resins, and polyethylenimine resins. A 
general cfiss^tation on wet strength redns utilized in the pap^ art, and generally 
applicable herdn, can be found in TAPPI monogra|A series No. 29. "Wet Strength in 
Paper and Paperboard", Technical Assodation of the Pulp and Paper Industry ^ew 
York, 1965). 

25 These fibers can also be stiffoied by chenucal reactioa For example, 

crosslinking agents can be applied to the fibers that, subsequent to application, are 
caused to chemically form intrafiber crosslink bonds. These crosslink bonds can 
increase the stiffiiess of the fibers. Wiule the utiUaastion of intrafiber crosslink boiids to 
chemically stiffen the fiber is preferred, it is not meant to exchide adier types of 

30 reactions for chemical stiffening of the fibers. 

Fibers stiffened by crosslink bonds in individualized form 0*e., the individualized 
stiffened fibers^ as well as processes for their preparation) are disclosed, for example, in 
U.S. Patent 3,224,926 (Bemanfin), issued December 21, 1965; U.S. Patent 3,440,135 
(ChungX issued April 22, 1969; U.S. Patent 3,932,209 (ChatteijeeX issued January 13, 

35 1976; and U.S. Patent 4,035,147 (Sangenis et al.), issued July 12, 1977. More 
preferred stiffened fibers are cfisdosed in U.S. Patent 4,822,453 (Dean et al), issued 
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20 
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Apnl 18. 1989; U S. Patent 4,888,093 (Dean et al). issued December 19, 1989; U.S. 
Patent 4,898j642 (Moore.et alX issued Febniaiy 6, 1990; and . U.S. Patent S.Is't.SS? 
(Herrow et al). issued August 11, 1992. aU of which are incorporated by refoc^ice. ' 

In the more preferred stiflfened fibers, chemical processing includes intrafiber 
crosslinking with crossDnking agents whSe such fibers are in a relatively dehydrated, 
defibrated (i.e., individualized), twisted, curied condition. Suitable chemical stifiening 
agents are typically monomeric crosslinldng agents inchiding, but not limited to, C2-C8 
dialdchyde, G2-C8 monoaldefaydes having. an add fimctionality, and especially' C2-C9 
polycarboxylic adds. These, compounds, are capable of reactmg with at least two 
• hydroxy! groups in a sbgle cellulose chain or on proximately located cellulose chains in 
a single fiber. Spedfic examples of such crosslinldng agents indude, but are not limited 
to. ghitaraldefayde, glyoxal, finnalddiyde. glyoxyiic add, oxydisucdnic add and citric 
add. The eflfect of crosslinldng under these conditioiis is to fbm fibers that are 
stiflEaied and which tend to retain their twisted, curied configuiatibn during use in the 
thermally bonded absorbent structures hereta Sudi-fibers. -and processes for making 
them, are described in the above incorporated patents. 

The preferred sti£fened fibers that are twisted and curied can be quantified by 
referencing both a fiber "twist coiinf and a fibier "curi fector-. As used herein, the 
term "twist count" refers to the number of twist nodes; present in a certam length of 
fiber. Twist count is utilized as a means of measuring the degree to which a fiber is 
rotated about its tongitudinal axis. The tenn "twist node" refers to a substantially axial 
rotation of 180" about the longitudinal axis of the fiber, wherein a portion of the fiber 
0.e., the "node") appears daik' relative to the rest of the fiber when viewed under a 
microscope with transmitted fight The twist node appears daric at locations wherdn 
the transmittled Ught passeis throu^ an additional fiber wall due to die aforementioned 
rotation. The distance between nodes corre^nds to an axial rotation of 180^ The 
number of twist nodes in a certain lengtii of fibers O e., the twist count) is directly 

indicative of the degree of fiber twist, whidi is a phyacal parameter of the fiber. The 
procedures for determimng twist nodes and total twist count are desoibed in U.S. 
Patent 4,898,642. 

The preferred stiffened fibers will have an average diy fiber twist count of at 
least about 2.7, preferably at least about 4.5 twist, nodes per millimeter. Furtiiermore, 
tile average wet fiber twist count of tiiese fibers should preferably be at least about 1.8, 
preferably at least about 3.0, and shmild also preferably be at least about 0.5 twist 
nodes per millimeter less tiian tiie average diy fiber twist count. Even more preferably, 
tile average diy fiber twist count should be at least about 5.5 twist nodes per 
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miliimeter, and the average wet fiber twist count should be at least about 4.0 twist 
nodes per millimeter and should also be at least 1.0 t^st nodes per nullimeter less than 
its average dry fiber twist count. Most preferably, the average diy fiber twist count 
should be at least about 6.5 twist nodes pear nulfimeter, and the average wet fiber twist 

5 count should be at least about S.O twist nodes per nullimeter and should also be at least 
1.0 twist nodes per millimeter less than the average dry fiber t^st count. 

In addition to being twisted, these preferred stiffened fibers are also curled. 
Fiber curl can be described as the firactional shortening of the fiber due to Idnks, twists, 
and/or bends in the fiber. For the purposes of the present invoition, fiber curi is 

10 measured in terms of a two dimensional plane. The extent of fiber curling can be 
quantified by referencing a fiber curi factor. The fiber curi &ctor, a two dimensional 
measurement of curl, is detemiined by viewing the fiber in a two dimenaonal plane. To 
determine curi &ctor, the projected length of the fiber as the longest dimension of a 
two dimensional rectangle encompassing the fiber, hg^ and the actual length of the 

15 Shec^ L/^ are both measured. The Bbet curi &ctor can then be calculated fi-om the 
following equation: 

Curi Factor - (La/Lr) - 1. 
An image analysis method that can be utilized to measure Lj^ and is 
described in U.S. Patent 4,898,642. Preferably the stiffened fbm wiO have a curi 

20 fiictor of at least about 0.30, and more preferably will have a curi fiu:tor of at least 
about 0.50. 

These diemically stiffened ceUulosic fibers have certain properties that make 
them particulariy useful in certain absorbent members according to the present 
invention, relative to unstiffoied ceUulosic fibers. In addition to b^g hydroptulic, 

25 these stiffened fibers have unique combinations of stifi&iess and resiliency. This allows 
thermally bonded absort>ent structures made with these fibers to maintain high levels of 
absorptivity, and to exhibit high levels of resiliency and an e)q)ansionaiy responsiveness 
to wetting. In particular, the resiliency of these stiffened fibers enables the absorbent 
member to better maintain its capillary structure in the presence of both fluid and 

30 compressive forces normally encount^^ during use and are thus more resistant to 
collapse. 

3. Thermoplastic Materials 

35 In the case of thermally bonded absorbent members according to the present 

invention, the member can comprise thermoplastic material in addition to the fibers. 
Upon melting, at least a portion of this thermoplastic material migrates to the 
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intersectiohs of the fibers, typically due to intCTfiber c^illaiy gradioits. These 
intersections become bond sites for the thennoplasdc material; When cooled, the 
thermoplastic materials at these intersections solidify to form the bond sites that hold 
the matrix or wd) of fibers together in each of the respective layers. 
S Amongst its various effects, bonding at these* fiber intersections increases the 

ovmll compressive moduhis and strength of the resuhing thermally bonded member. 
In the case of the chemically stiffened ceDuloac fibm, the mehing and migration of the 
thomoplastic material also has the effect of increasii^ the average pore size of the 
resultant web, while maintaining the denstfy and baas weight of the web as originally 

10 formed. This can improve the fluid acquisition properties of the thermally bonded 
monber upon initial discharges, due to improved fluid permeability, and upon 
subsequent disdiarges, due to the combined ability of the stiffened fibers to retain their 
stifi&iess upon wetting and the ability of the thermoplastic material to remam bonded at 
the fiber intersections upon wetdirijs and upon wet compresaon. In net, thermally 

15 bonded wd>s of stiffened fibm retain their original overall volume, but with the 
vohimetric regions previously occupied by the thermoplastic material beconung open to 
thus increase the average interfiber capillairy pore size. 

TThermoplastic materials useful in the present invention can be in any of a variety 
of forms including particulates, fibers^ or combinations of particulates and fibers. 

20 Thermoplastic fibers are a paritcularty preferred form because of thdr ability to fonh 
numerous interfiber bond ates. Suitable thennoplastic materials can be made fi^om any 
thermoplastic polymer that can be mdted at tenq)oatures that will not extensively 
damage the fibors that conqmse the primary wd> or matrix of each hiyer. Preferably, 
the melting point of this thermoplastic material will be less than about 190^C, and 

25 preferably between about 75X and about 175T. In any event, the melting point of 
this thermoplastic material should be no lower than the temperature at vMdk the 
thermally bonded absorbent structures, when used in absorbs articles^ are likely to be 
stored. The melting point of the thermoplastic material is typically no lower than about 
50X. 

30 The thermoplastic materials, and in particular the thermoplastic fibers, can be 

made fit>m a variety of thermoplastic polymers^ including polyolefins such as 
polyetfaylrae (e.g., PULPEX®) and ix>lyprbpylene, polyesters, copolyesters, polyvinyl 
acetate, polyetiiyivinyl acetate, pol^viiq^ chloride, poiyvinylidene chloride, po^racrylics, 
polyamides, copolyamides, polystyrenes, polyurethanes and copolymers of any of the 

35 forcing sudi as vinyl cfaloride/myl acetate, and the like. One preferred 
thermoplastic bmder fiber is PLEXAFIL® polyetl^ene microfibers (made by DuPont) 
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that are also available as an about 20% blend with 80% celluloac fibers sold under the 
tradename KITTYHAWK® (made by Weyeriiaeuser Co.) Depending upon the deared 
characteristics for the resulting thermally bonded absorbent member, suitable 
thermoplastic materials indude hydrophobic fibers that have been made hydroplulic, 
5 such as sur&ctant-treated or silica-treated thermoplastic fibers derived firom, for 
example, polyolefins such as polyethylene or polypropylene, polyaoylics, polyamides, 
polystyrenes, polyurethanes and the like. The sur&ce of the hydrophobic thmnoplastic 
fiber can be rendered faydrophilic by treatment with a sur&ctant, such as a nonionic or 
anionic sur&ctant, e.g., by spraying the fiber mth a sur&ctant, by dipping the fiber into 

10 a surfactant or by including the suiiactant as part of the polymer meh in produdng the 
thomoplastic fiber. Upon melting and resolidification, the sur&ctant will tend to 
remain at the sur&ces of the thermoplastic fiber. Suitable sur&ctants include nonionic 
sur&ctants sudi as Brij® 76 manufictured by ICI Americas, Inc. of A^mington, > 
Delaware, and various surfiictants sold under the Pegosporse® trademark by Glyco 

IS Chenucal, Inc. of Greenwich, Connecticut Besides nonionic sur&ctants, anionic 
surfiu:tants can also be used. These sur&ctants can be applied to the thermoplastic 
fibers at levels o^ for example, from about 0.2 to about 1 g. per sq. of centimeter of 
thermoplastic fiber. 

Suitable thermoplastic fibers can be made firom a single polymer 

20 (monocomponent fibers), or can be made fi^om more than one polymer (e.g., 
bicomponent fibers). As used herein, *1>icomponent fibers" refia-s to thermoplastic 
Sbers that comprise a core fiber made from one polymer that is encased within a 
thermoplastic sheath made firom a different polymer. The polymer comprising the 
sheath often mdts at a (fifferoit, typically lower, temperature than the polymer 

25 comprising the core. As a result, these bicomponent fibers pro^de thermal bonding 
due to melting of the sheath polymer, while retaining the desirable strength 
characteristics of the core polymer. 

Suitable bicomponent fibers for use in the present invention can include 
sheath/core fibers having the following polymer combinations: 

30 polyeth^ene/polyprop^dene, polyethylvinyl acetate/polypropylene, 

polyethylene/polyester, polypropylene/polyester, copdyester/polyester, and the like. 
Particulariy suitable bicomponent thermoplastic fibers for use herein are those having a 
polypropylene or polyester core, and a lower melting copofyester, polyethylvinyl 
acetate or polyetiiylene sheatii (e.g., DANAKLON®, CELBOND® or CfflSSO® 

3S bicomponent fibers). These bicomponent fibers can be concentric or eccentric. As 
used herein, the terms ''concentric" and "eccentric" refer to i^^etiier the sheath has a 
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thickness that is even, or uneven, througfi the cross-sectibnal area of the bicoihponent 
fiber. Eccentric bicomponent fibers can be desirable in providing more compressive 
strength at lower fiber thidcnesses. Suitable biconqiohent fibers fi:)r use hemn can be 
ether uncrimped (i,e. unbent) or crimped Q.e. bent). Btconqx>neht fibers can be 
5 ainq)ed by typical textile means such as, for example, a stuflfer box method or the gear 
crimp method to achieve a predominantly two-dimensional or "flat** crimp. 

In the case of thennoplastic fibers, their length can vary depradmg upon the 
particular mdt point and other properties dedred for these fibers. Typically, these 
thermoplasdc fibers have a length fix)m about 0.3 to about 7.5 on long, preferably fix)m 

10 about 0.4 to about 3.0 cm long, and most prtferably firom about 0.6 to about 1.2 on 
long. The properties, including meh point, of these thermoplastic fibers can also be 
adjusted by vaijing the diameter (caliper) of the fibers. The diameter of these 
thermoplastic fibers is typically defined in tierms of either demer (grams per 9000 
meters) or dedtex (grams per 10,000 meters). Suitable bicomponent thermoplastic 

15 fibers can have a dedtex in the range fixim about 1.0 to about 20, preferably from 
about 1.4 to about 10, and most preferably from about 1.7 to about 3.3. 

The compressive modulus of these thermoplastic materials, and espedally that 
of the thermoplasdc fibers, can idso be important. The compressive modulus of 
thermoplastic fibers is affected not only by their length and diam^er, but also by the 

20 compo^tion and properties of the polymer or polymers firom which they are made;, the 
diape and configuration of the fibers (e.g., concentric or eccentric, crimped or 
uncrinq>ed), and like fiictors. Differences in the conq>ressive modulus of these 
thennoplastic fibers can be used to aher the properties, and especially the density 
characteristics, of the respective absorbent ihCTibers during prq)aration of the 

25 absorbent core. 

4. Other Components and Materials 

Absorfo«it members according to the present invention can include other 
30 optional components that can be present in absorbent wd)s. For example, a rdnfi^rdng 
scrim can be positioned within the absorbent member, or between the respecthre 
absorbent members, of the absorbent core. Such rdnfordng scrims should be of such 
configuration as to not fi^rm intei&dal barriers to fluid, transfer, especially if positioned 
between the reflective absorbent mend>er5 of the absorbent core. Also, vAten 
35 hydrogel-forming absorbent polymers are present in one or more absorbent members of 
the absoibent core» the ref>ecttve.absorbent member, or the entire absorbent core, can 
be envdoped within a fluid pervious sheet, such as a tissue paper sheet, to obviate user 
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concern r^arding loose particulate absorbent poiymer. Other optional componoits 
that can be included are materials to control odor, adhesives, contain fecal matter, etc. 

Absorbent members according to the present invention can also include foam- 
based absorbents. Suitable foam absorbents indude those described in U.S. Patent 
5 5^,345 (DesMarais et al), issued November 9, 1993 and U.S. Patent 5,147,345 
(Young et al), issued September 15, 1992, both of which are incorporated by 
reference. 

C. Absorbent Members Containing Hvdro^eKForming Absorbent Pohnners 

10 

L Concentration. Basis Weight and Fluid Handling Properties 

At least one of the absorbent members according to the present invention will 
comprise the pre>aously described hydrogel-fornung absorbrat polymers, with or - 

15 without other optional components such as fibers, thermoplastic material, etc. These 
absorbent members compriang these absorbent polymers can fimcdon as fluid storage 
members in the absorbent core. The prindple fimcdon of sudi fluid storage members is 
to absorb the discharged body fluid dther directly or from other absorbent members 
(e.g., fliud acqiu»tion/distribution members), and then retain such fiiud, even i^^ten 

20 subjected to pressures normally encouritered as a result of the wearer's movements. It 
should be understood, however, that such polymer-containing absorbent members can 
serve functions other than fluid storage. 

An in^rtant aspect of these absorbent membm according to the present 
invention is that they contain one or more r^ons having a high concentration of these 

25 hydrogd-forming absorbent polymers. In order to provide relatively thin absorbent 
articles capable of absorinng and retairung large quantities of body fluids, it is desirable 
to increase the level of these hydrogd-fbrming absorbent polymers and to reduce the 
levd of other components, in particular fibrous componoits. In order to utilize these 
hydrogel-fonmng absorbent polymers at relatively high concentrations, however, it is 

30 important that these polymers have a relatively Wgh permeability under pressure O-c, 
SFC value) as well as a rdatrvely high demand absorbency capadty under a rdatively 
high confining pressure ^e., PUP capacity value). This is so that the polymer, when 
swollen in the presence of body fluids, provides adequate capability to acquire these 
(Uscfaarged body fluids and then transport these fluids through the gel-continuous fluid 

35 transportation zone or layer to other regions of the absorbent member and/or absorbent 
core. 
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In measuring the concentration of hydrogd-formihg absori)ent polymer in. a 
given region of an absorbent member, the percent by wdgfat of the faydrogel-forming 
polymer relative to the combined wdgbt of hydrogel-forming polymer and any other 
components (e.g., fibers, thermoplastic material, etc.) that are presort in the re^on 
containing the polymer is used. With this in mind, the concentration of the hydrogel- 
forming absorbent polymers in a^en r^on of an absorbent meroba- according to the 
present invention can be in the range of firom about 60 to 100%, preferably fiom about 
70 to 100%, more preferably from about 80 to 100%, and most preferably from about 
90% to 100%. 

Another important aspect is the baas weight of the hydrogd-fbrming absorbent 
polymer in a givoi region of the absorbent member. Tlie gd permeability and Ugh 
demand absorbent capacity properties of this hydrogel-fbrmirig absorbent polymer 
become most impactfiil on the absorbency performance of the absorbent member and 
the absorbent core at certain liunimum basts weights of the polymer. In mffaminwg the 
basis wdght of the faydrbgetforming absorbent polymer in a given rc^on of an 
absorbent member, the grains of polymer present per square meter (gsm) of area of the 
region is used. With this in mind, the basis weight of a hydrogel-forming absorbent 
polymer in a ^en region of an absorbent member according to the present invention is 
at least iabout 10 gsin, prefeiably 'at least about 20 gsm, more preferably at least about 
50 gsm, and most preferably at least about 100 gsm Typically, these basis weight 
vahies are in the range of from about 10 to about 1000 gsm, more typically from about 
SO to about 800 gsm, arid most typically from about 100 to about 600 gsm 

When a faydrogd-fbrming absorbent polymer is incorporated in an absorbent 
storage member at a sufiSdendy high concentration and basis wdght, the swelling by 
body fluids under pr^sure brii^ the boundaries of the resultant bydrogd within a 
given region into contact Cte., the hydrogd in the region becomes contiguous;) Within 
these e9q>anded/swollen high-concentration r^ons, the vdds and capillaries are 
generally bounded by the hydrogd, thus fbrmihg a gd-continuous fluid tnui^rtation 
zone or layer. For these r^ons, it is bdieved the fluid permeability approaches that of 
a comparable hydrogd layer fi)rmed under pressure Srom the polymer alone. 
Moreover, the use of the previously described faydrogd-foniung absorbent polymers 
having rdativdy high SFC values confers a higter permeability and thus good fluid 
acquiation and transport properties for these gel-continuous fluid transportation zones 
or layers. 

2. Wet IntepTtv of Absorbent Member and/or Absorbent Core 



wo 95/26209 



PCT/US95/02442 



38 



During initial fluid acquisition, absorbent core utilization occurs in the 
immediate vicinity of the gush. There are several pathways for utilizing the absorbent 
core beyond this initial fluid acquiidtion point. Fluid can move 8ctoss the topsheet and 
enter the core over a larger area. This is not a desirable atuadon ance this fluid is in 

5 contact with the skin and is vulnerable to leakage firom the absorbent article. Certain 
features of the absorbent article, e.g. barrier leg cufis, can help with the latter. Also, 
spedal fluid acquisition members have been used to move fluid below the topsheet 
prior to entiy into the storage regions of the absorbent core. In spite of these measures 
to improve fluid handling performance, there is still a need to gain as much lateral (i e., 

10 X-Y dimension) fluid movement as posable in the storage regions of the core, 
particulariy as the absorbent cores become thinner and thinner. 

The potential improvements in htcni fluid movonent offered by absorbent 
members comprising the rdatively high permeability faydrogd-forming absorbent 
polymers described above requires a certain amount of phyacal continuity in the 

IS hydrogel*containing region (i-^-* the gel>continuous fluid transportation zone or layer) 
for adequate fluid movement to take place through contiguous interstitial voids and 
capillaries. Realization of the benefits of these high permeability hydrogd-forming 
absorbent polymers is fiuafitated by absorbs members and absorbent cores deigned 
to reduce or mirunuze the occurrence of disruptions in the gd-continuous fluid 

20 transportation zones or layers that are formed when the polymer is swoUra by body 
fluids. Absorbent members and/or cores that provide such charactaistics are referred 
to herdn as having good wet integrity. By "good wet integrity** is meant that the 
region or regions in the absorbent member having the high concentration of hydrogel- 
fomung absorbent polymer have sufiSdent integrity in a dry, partially wet, and/or 

25 wetted state such that the physical continuity (and thus the capability of acquiring and 
tran^rting fluid through contiguous interstitial voids/capillaries) of the gd-contiruious 
fluid transportation zone or layer formed upon swdling of the l^drogd-forming 
absorbent polymer in the presence of body fluids is not substantially disrupted or 
altered, even when subjected to normal use conditions. 

30 During normal use^ absorbent cores in absorbent artides are typically subjected 

to tensional and torsional forces of varying intensity and direction These tensional and 
torsional forces indude bunching in the crotch area, stretching and twisting forces as 
the person wearing the absorbent artide walks, squats, bends, and the like. If wet 
int^ty is inadequate, these tensional and torsional forces can potentially cause a 

35 substantial alteration and/or disruption in the phyacal continuity of the hydrogd such 
that its capability of tran^rting fluids through the contiguous voids and capillaries is 
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u^^^iuucu, eg., me gei-conimuous zone or layo- can be partially sepmted, fiiDy 
separated, have gaps introduced, have areas that are significantly thinned, and/or 
broken up into a plurality of significantly smaller segments. Such alteration could 
reduce or minimize the advantageous permeabiUty/flow conductivity properties 
5 confwred by the above desoibed hydrogd-forming absorbs polymer. 

Good wet integriQr can be achieved according to the present invention by 
various designs, configurations, compositions, etc., in the absoibent member having the 
high concentration of hydrogeI-fi)rming absorbent polymer, the other components in 
the absoibent core (e.g., fluid acquisition members), the other components in the 
10 absoibent article (e.g., the topsheet and/or backsheet), or any combination of these 
components. These inchide: 

Modifications to the components m the absnrfaent member. For 
example, fibrous components in. the absoibent mmber can be modified 
15 physically, chemicaUy or otherwise to increase wet strength. The fibrous 

components can also be modified to produce interlocking fibers, portions of 
fibers, or surface irregularities tiiat interiock or otherwise add integrity to the 
absoibent member. C£ U.S. Patent 4,935,022 (Lash et alX issued June 19, 
1990. Also the hydrogel-forming absoibent polymer itself can be modified, 
such as in the case of fibrous formsi or Iqr twisting, oiri^^ adjusting the fiber 
length, or adjusting tiie surfece properties, diat cause interlocking, or oUierwise 
add integrity to tiie absorbent member. C£ U.S. Patent 4,861,539 (Allen et al), 
issued August 29, 1989; U.S. Patent 4,997,714 (Fairar et al), issued March 5^ 
1991; U.S. Patent 4,962,172 (ABen et alX issued Octobo- 9, 1990; and U.S. 
25 Patent 5,147,956 (AUen et al), issued Sqitember 15, 1992 

^' Locating the hvdro^el- fonmnfg absorbent pohmier in particular regions 
of the absoibent member For example, the absorbent can have profiled 
concentrations of polymer so as to provide regions containing litde or no 
polymer and consequendy minimize the disruptive impact of polymer swelling 
upon wet int^rity. Cf. U.S. Patent 5,047,023 (BergX issued September 10, 
1991; U.S. application Serial No. 141,156 (Richards et al), filed October 21, 



20 



30 



1993. 
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containing absorbent manber that ar e not water p lagri|nTi>H These fibrous 
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components can contribute int^rity by entanglement or alternatively, upon 
suitable heating, can form tnterfiber bonds^ e. g., by thmnal bonding, 
particulariy wh^e bicomponent thermoplastic fibers are used. Cf. Worid (PCT) 
patent application 91/11162 (Lash), published August 8, 1991; U.S. application 
S Serial No. 141,156 (Richards et alX filed October 21, 1993. Stabilizing fibers 

such as polyethylene terephthalate (PET) fibers can also be included in other 
absorbent members of the absorbent core. Cf. U.S. applications Serial No. 
08/153,739 Pragoo et aQ, filed November 16, 1993; and U.S application 
Serial No. 08/164,049 (Dragoo et al), filed December 8, 1993. 

10 

d. The use of adhesive . These indude microfiber glues, resins that 
maintain integrity when wet (e.g., wet strength resins) and hot melt adhesives, 

e. g., dastic hot meh adhesives. C£ U.S. applications Serial No. 08/153,739 
(Dragoo et al), filed November 16, 1993; U.S application Serial No. 

15 08/164,049 (Dragoo et al), filed December 8, 1993; and U.S application Serial 

No. 08/097,634 (Ashton et al), filed July 26, 1993. 

e. The use of single or multiple sheet*like componaits or layers that 
maintam integrity when wet . For example, one or more permeable nonwoven 

20 layers and/or high wet strength tissues can be used. These nonwoven layers or 

tissues can be contiguous or noncontiguous to the hydrogel*forniing absorbrat 
polymer'-containu^ absorbent member. They can be attached to one or more 
components of the polymer-containing absorbent member, or to other members 
of the absorbent core by thermal boncfing or adheaves for additional integrity. 

25 Cf. U.S. Patent 4,798,603 (Meyer, et al), issued January. 17, 1989; U.S. 

applications Serial No. 08/153,739 (Dragoo et al), filed Novonber 16, 1993; 
and U.S application Serial No. 08/164,049 (Dragoo et al), filed December 8, 
1993. 



30 £ Attachment of the hvdrogel-forming absorbent polymer to one or 

more Aeet-like components or layers or between such components or 
layers (e.g. laminationV These layers can treated to provide appropriate 
wet strength. For example, the layers of tissue can be misted with water 
or otherwise made to absorb small amounts of moisture to tacldiy the 

35 polymer. Upon drymg, the laminated absorbent member has adequate dry 

integrity and staUlity such that the polymer is not loose and canrioi ea^ 
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be smed out Upon wettirig, the monber exhibits integrity due to the 
strength of the tissue hym surroundfing the polymer. The absoibent 
member can also be formed such that the polymer^ u contained or 
encapsulated by gluing with a wet stable ghie or otherwise bonded in a wet 
stable manner to the hiyer OT ]aym of tissue around the periphery of the 
polymer containing ri^on, thus providiiig additional dry and wet integrity 
and preventing migration of polymer outade the envelope so formed. 
Aheriiativefy; the absorbent member can be formed sb^that the polymer is 
fiirther encapsulated or pock^ed iiito q>ecific regions, bir bdd in place by 
wet stable bonds at specific points or areas between the layers of tissue, 
fiirther improving the dry and wet integrity of the membo- and further 
preventing the migration of hydrogel^forming absorfoem ik>Iymer out of 
the member. C£ U.S. Patent 4,935,022 (Lash et ai)t issued June 19, 1990; 
U.S. Piatent 5,149,335 (Kdlenberger ct aO, issued Sqrtanber 22, 1992. 

D. Absorbent Cores 
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Absc^ient mend)ers according to the present im^ntion compriang Ugh 
. concentration^ , of hydrogel-forming absorbent pQlyniers are useful alone or in 
conibination with other absoibent members in a variety , of absoibent cores. These 
other absorbent membm can include those usefid for initially acquiring the (Usdiarged 
body fluids bdbre these fluids are distributed to the fluid, storage member of the 
absorbent core. These include absorbent members that provide multiple .fluid handling 
properties^ (e.g,, fluid acqui^on and distribution) or single fluid handling properties 
(e.g., fluid distribution). These other absorbmt members . can also comprise lower 
concentrations of the hydrogel-forming absorbent polymers that have the phy^cal 
properties previously ^edfied (e.g. rdatively high SFC and PUP c^adty values as 
desoibed in B(l)(b) above) or can con^rise hydrogel-forming absorbent polymers 
havii^ difi&rent physical properties (e.g. lower SFC and/or PUP capadty values). 

One suitable absorbent core according to the present invention conq>rises: (1) 
an upper assembly having: (a) an acquidtion layer substantially free of hydrogel- 
fornung. absorbent polymer; and (b) an absorbent polymer layer mainly conqmsing a 
first hydrogd-forming absorbent polymer that has an SFC value of at least about 4 x 
lO'^cm^sec/g, preferably at least about 6 x lO^^cm^sec/g, more preferably at least 9x10* 
^cm^sec/g and most preferably at least 15 x lO'^cn^sec/g and wUdi is present in an 
amount of at least about 20 gsm; and (2) a lower assembly that indudes: (a) an upper 
layer having void space for storage and redistribution of body fluids and (b) a lower 
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lay^ that contains a high concentration of a second hydrogd-fonning absorbent 
polynier having least the SFC and PUP cq>adty values described in B(l)^^ 
who-ein at least about 70% of the total amount of the second faydrogd-forming 
absorbent polymo' that is in the upp^ and lower layers is in the lower half of the 
S combined thickness of the upper and lower layers. 

One such absoifoent core is shown in Figure 1. Figure 1 shows a cross-section 
of an absorbent article indicated as 10 having a topsheet 12, a backsheet 16 and an 
absorbent core indicated by 20 portioned between topsheet 12 and backsheet 16. As 
shown in this Figure, core 20 comprises an upper assembly 24 and a lower assembly 

10 ' 28. Upper assembly 24 comprises an upper acquisition/distribution layer 32, and a 
layer 40 comprising the first hydrogd-forming absorbent polymer separated firom the 
acqui^tion layer 32 by.a tissue layer 36 having two folds in the Z direction Lower 
assembly 28 comprises an upper fibrous layer 44, a lower layer 48 comprising the ~ 
second hydrogd-fonning absorbent polymer, and a tissue layer 52. Layers 32 and 40 

15 can be separate layers as shown in Figure 1 or can be merged into a single layer and 
serve as a storage and redistribution assembly. As is apparent fi^om Figure 1, it is not 
essential that the layers should be co-extensive. 

Acquisition layer 32 of upper assembly 24 is the upper effective layer of the 
absorbent core and is typically substantially fi^ee of hydrogel-forming absorbent 

20 polymer. If hydrogd-fomung absorbent polymer is included, the amount diould be 
kept relativdy low and is preferably substantiaOy firee of supoabsorbent material, at 
least in the upper half layer 32, and generally tiuougjiout most or all of its thickness. 
See U.S. Patent 5,217,445 (Young et al), issued June 8, 1993, and U.S. application 
Serial No. 625,776 (Cook et alX filed December 17, 1990, which are incorporated by 

25 reference Layer 32 can be of fom or any other suitable porous or axillary materid 
but is usually formed from fibrous materid. The fibrous materid can be any fibrous 
materid that has a suitable redstance to load when wet, Le. is able to maintain 
satisfactory void volume under sudi conditions. Particularly preferred fibrous materials 
for layer 32 are diemically stiffened fibers as desmbed in B(2) above^ typically in an 

30 amount of 50 to 100% by wdght of layer 32. 

Layer 40 of upper assembly 24 can be integrd with the lower part of layer 32 
but preferably is a separate layer and can be sq>arated from the layer 32 by a tissue or 
other component that acts as a containment barrier for the hydrogel-forming absorbent 
polymer. It is important that layer 40 allow the body flinds acqinred by layer 32 to 

35 pass rapidly therethrough and be distributed beyond layer 40. The amount of the first 
hydrogel-forming absorbent polymer in layer 40 should be sufi5d^ to provide a 
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hydrogel layer when swoQen by absorptioii of body fluids in use. This first hydrogel- 
forming absorbent polymer is usually in particulate form and is usually present in an 
amount of at least about 20 gsm, more typically in an amount of at least about SO gsm. 
Generally layer 40 should not be too thick; normally the amount of hydrogel-forming 
S ^sorbent polymer is below about 320 gsm and nsore typically below about 200 gsm. 

Lower assembly 28 serves as the storage and redistribution component of core 
20 and includes an upper, usually fibrous, layer and a layer of second hydrogel-forming 
absorbent pofymer. The upper layer 44 of lower assembly 28 is generally fibrous but 
can be formed fiom foam or other suitable capillary or porous material, and can be 
10 fisrmed fiom the same or (fifferent materials as layer 32. 

Upper layer 44 can be substantialiy or compl^ely fi-ee of hydroget-forming 
absorbent polymer. However it is often desirable for the upper and lower layers 44 and 
48 to be formed to provide a fibrous matrix wherein more than hal^ and usually at least - 
about 70%, of the hydrogd-fonning iabsorbent polymer in these Idym is in the lower 
15 half thereof For example, from about 70 to 100%, more typically firbm about 75 to 
about '90% of the secoiid hydroget-fbnhing absorbent polymer is in the lower 50% of 
combined layers 44 and 48. There can be sbine, for example, up to about 30%, of the 
second hydrogel-forming absorbent po^er in the upper ludf of combined layers 44 
and 48: 

20 The first hydrogel-fi3rnung absorbent polymer, and sometimes also the sebond 

hydrogel-forming absorbent polymer, is provided as a layer that comprises 
predbiiiinantly the absorbent polymer. By "predominantly is meant that at least about 
50%, and more ty|»ca% at least about 70 or about 80% of layers 40 or 48 are 
hydrogel-fomiing absorbent polymer. These layers of'faydrogd-fbrmir^ absorbent 

'25 polymer icaii be bonded to, or otherwise supported by r support sheet. The distribution 
within layers 40 or 48 can be uiiiforni or can be Varied, fi>^ 

design that can be striped or profiled within the k^. See^ for example, U.S. Patent 
4,935,022 (Lash et al), issued . 

Layers 40 or 48 can comprise hydrogd-fiinnirig absorbent poiymer integrated 
30 with or dispersed within a support sheet, sudi as a cellulose-based tissue or oihcr non- 
woven material The hydn>gd-fi)rming abscHbent polymer can be integrated with the 
support sheet by bohdng or by mechanical means such as enibbsnng or calendering. 
Attemativdy, k^ers 40 or 48 can comprise substantially only of hydrogd-forming 
absorbent {>oIyrners. 

35 Additional layers can be incorporated in the absorbent core 20 and, as 

mentioned above, tissue layers can be incorporated. For example, a tissue layer can be 
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used to encapsulate the first hydrogel-forming absorbent polymer and/or the second 
l^drogd-forming absoibent polymer. 

Another suitable absorbent core according to the present invention involves a 
multi-layer structure preferably comprising: (1) an acquisition l^er, (2) a storage 

5 which absorbent layers comprise a high concentration of hydrogd-formiiig absorbent 
polymer having the physical properties spedfied above (including rdativdy high SFC 
and PUP capacity values) portioned subjacent the acquisition layer; and optionally a 
fluid pervious, fluid stable, intermediate integrity layer positioned between the 
acquiation layer and the storage layer. The acquisition layar and storage \syet 

10 comprise at least some moisture fluid) insensitive fibers such as crinq>ed synthetic 
fibers that increase the wet integrity of these two layers and form fluid stable bonds to 
other components of the absorbent core or absorbent article. See U.S. applications 
Serial No. 0S/1S3,739 (Dragoo et ai), filed November 16, 1993, and U.S ^plication - 
Serial No. 08/164,049 QDragoo et aQ, filed December 8, 1993, whidi are incorporated 

15 by reference. 

The inclusion of the crimped synthetic fibers in the acquisition layer improves the 
integrity, acquisition rate, absorbent aq)adty, and the resilience of the acquisition layer. 
The crimped synthetic fibers provide both improved intra-layer int^ty and inter-layer 
integrity. This is due to the interiocldng of the crimped synthetic fibers within the 

20 acquisition layer and the storage layer, and the availability of the crimped synthetic 
fibers on the sur&ces of these layers for forming fluid stable bonds to the fluid stable 
components of the absorbent core . The absorbent core, thus, provides a plurality of 
layers compri»ng interlocking matrices of fluid stable fibers that are bonded by fluid 
stable bonds to adjacent fluid stable components. The absorbent core is also bonded by 

25 fluid stable bonds between the topsheet and backsheet of the absorbent article to 
prevent slumping of the hydrogd-forming absori)ent polymer between the topsheet and 
backsheet (in other words, shmsping inside the diassis of the absorbent article). 

One such multi-layer absort)enl core is shown in Figure 2. Figure 2 shows a 
cross-section of an absorbent article indicated as 110 having a topsheet 112, a 

30 backsheet 116 and an absorbent core by 120 positioned between topsheet 112 and 
backsheet 116. As shown in this Figure , core 120 preferably comprises an 
acqui^tion/distribution layer ("acqui^on layer") 130, a storage core layer ("storage 
layer") 132 preferably portioned subjacent the acquisition layer 130, and an. 
intermediate fluid stable layer (or "integrity layer") 134 portioned between the 

35 acquisition lay^ 130 and the storage layer 132, all of which are in fluid communication 
with eadi other. The acquisition Isycr 130 can be of any suitable size and need not 
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extend the full length or width of the storage layer 132. The acquisition lay^ 130 can, 
for example, be in the form of a strip or patdt In the embodiment shown in Figure 2, 
the acquisition layer 130 is shown as a single patdi (Le., web or sheet) of nonwoven 
material, it should be undo^tood, howev^, that the acqui^on layer 130 need not be 
a angle sheet 

In addition, in other embodiments, rather than bdng a separate layer that is 
located on top of the storage layer 132, the acquisition layer 130 can be an integral 
layer (or component) that ccmqms^ the top Isiyer of a laimhated storage layer 132. In 
this regard, it should also be understood that the multiple layer absoibrat core 120 can 
be used as the entire core or it can be used ias one or more layers in a layered core 
construction. The multiple layer absoibent core 120 can also be constructed without 
the acquisition layer 130. 

The overall acquisition layer 130 is preferably hydrophilic, but can have - 
hydrophobic components. The acquiation layer 130 can comprise a woven material, a 
nonwoven material, or any other suitable type of matieaial. Preferably, the acquisition 
layer 130 comprises a nonwoven material When the acqiiisitioh layer 130 comprises a 
nonwoven material, it can be made by i nunibd' These inchide, 
but are not limited to wet laid, air- laid, mdtblown, spunbonded, carded (the latter 
including, thmnally bonded, through-air bonded, powder bonded, latex bonded, 
sohrent bonded, or qniiilaced). The latter processes (e.g., spunbonding and carding) 
can be preferred if it desired to orient the fibers in the acquisition layer because it is 
easier to orient the fibers in a angle direction in such processes. 

In one prtferred embodiment, acquiation layer 130 comprises at least some 
fibisrs that form fluid stable bonds. The term "fluid stable bonds", as used herdn, refiers 
to bonds that are not affected by the presence of body fliuds. Preferred fibers for 
forming fluid stable bonds are synthetic fibers, with crinq>ed synthetic fibers being 
e^>ecially preferred for providing the acquisition layer 130 with softness and resiliency. 
Crimped synthetic fibers are also preferred because they can interlock to provide the 
acquisitioh layer 130 with mcreased integrity. The acquisition layer 130 shown in 
Figure 2 preferably comprises a blend of crimped synthetic fibers and either natural 
fibers or cross-linked cellulose fibers. 

In one preferred end>odimait, the acquisition layer 130 conf)rises a blended layer 



comprising a homogeneous air4aid mixture of about 20% 



hydrophobic 



polyethyloie terq)hthalate (PET) fibers and about 80% of either airfett or chemically 
35 stiffed ceUulosic fibers. The PET fibers preferably have a demer per fiber of about 40, 
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an uncrimped length of about 0.5 inch (about 1.3 cm), a crimp frequency of about 6 
crimps per lineal inch (2.54 an), and a crimp angle of about 88^ 

While the preferred material for the crimped fibers in this embodiment is PET, 
akemative embodiments can be any non-water absorbing material that has a wet 
stiflSiess similar to PET. Oth«- suitable materials for use as the crimped fibers include, 
but are not fimited to polypropylene, nylon, polyethylene and bicomponent fibers. In 
addition, the denier of the fibers preferably nmges from about 1 1/2 or 2 dpf to about 
30 dpf The uncrimped length of the fibers preferably raises from about 0.25 inch 
(about 0.6 cm) to about 2 inches (about 5 an). The crimp frequaicy is preferably 
between about 5 and about 15 crin^s per lineal mch. The wimp angle preferably 
ranges from about 60° to about 100^ The amount of crimped fibers in the acquiation 
layer can range from about 5% to about 90%, and to be practical for use in disposable 
absori>ent articles from a cost standpoint preferably ranges from about 10% to about 
50%, and most preferably about 20% to about 40%. 
15 Acquisition layer 130 can be substantially undensified during the process of 

manufacturing the diaper. In alternative embodiments, the acquiation layer 130 can be 
densified by compressing it to densities ranging up to as high as about 4.8 g/cubic inch 
(about 0 J g/cm^), or more. 

Further variations can be dearable when the acqui^ion layer 130 is used in 

20 certain types of absorbent articles. In one embodiment that is preferred when the 
absort)ent article comprises a sanitary napkin, the acqddtion layer 130 preferably 
comprises a ^unlace nonwoven web comprised of permanently wettable fibers. 
Preferably, the acquiation layer 130 is a 30 g/yard^ (35 g/m^ PET ^Hmlace nonwoven 
web. Spunlaced fibrics of this type are manu&ctured by the Vwatec Company of 

25 Walpole, Massachusetts. The spunlace nonwoven web is formed in such a way that 
most of the fibers are oriented in a angle direction, such as the longitudinal direction, 
for preferential widdng. The fibers of this preferred acquisition layer 130 material are 
made of a PET resin and are coated with a proprietary permanently wettable finish 
known as CELWET. These fibers are obtained from the Hoechst Cdanese 

30 Corporadon of Chariotte, North Carolina. 

An optional intermediate fluid stable layer 134 is prefeiabty located b^een the 
acquiation layer 130 and the storage layer 132. Layer 134 serves two main purposes: 
(1) as a supporting substrate for the adjacent acquirition layer 130 and the storage layer 
132 and; and (2) a structure to which fluid stable bonds can be fornied with the 

35 synth^c fibers in the acquisition layer 130 and storage layer 132. Layer 134 
preferably retains a high degree of its integrity whm wet, should not mterfere with fluid 



PCTA7S95/0Z442 



47 



10 



15 



20 



25 



30 



35 



movemeit from the acquiation layk 130 into the storage layer 132, and is also 
preferably flexible so that the flexibility of the absorbent aiticle is substantially 
unaflFectedlqr the presence of the flmdstable^b^^ In one preferred embodiment, 
layer 134 is a spunbonded polyester nonwoven web. 

A coiimierdally available spunboiided polyester nonwoven web suitable for use 
as fluid stable layer 134 is a material known as REEMAY® 2055 sold by Reemay, 
Incorporated of Old Hickory, TN. This material has a bads weight of about 0.55 
oz./yd^ (about 18.6 g/tij^) and is cbnipri&ed of 4 denier per fiber tri-lobal ctoss- 
sectionally shaped fibers. The REEMAY web is similar to the mktenal that is used in 
BOUNCE® diyer sheets maniifiictured by The Procter & Gamble Company of 
Cindnnati, Ohio under U.S. Patents 4,073,996, 4,237,155, and 5,094,761. A key 
fector in selecting the polyester nonwoven web is its perviousness. The REEMAY 
web also contains inter-fiber spaces that are of sufficient size to permit some of the 
fibers in tiie acquisition l^er 130 to penetrate mto the storage layer 132 aiid some of 
the fibers in the storage layer 132 to poi^rate into the acquisition layer 130. 

In altenmtive cmbbdiinents, layjer 134 caii be comprised of other non-water 
absorbing ihaterials that are simflar to polyester. Examples of suitable materials for use 
as layiw: 134 inchide, but are not limited to polypropylene, nylon, and potyethylme. In 
addition, in other endxxliments instead of using synthetic materials, layer 134 can 
comprise a high wet strength, low stretch fte., low extensibili^), tissue provided in a 
structure in wWch the bonds between the Ugh wet strength tissue and the adjacent 
acquisition layer 130 and storage layer 132 reinaun strong when wet. 

In alternative embodiments, a high wet strength adheave can be used with any of 
the other tyjpes of fluid stable layers 134, including biit not limited to the REEMAY® 
material In addition, in otiier aheniative embodirnents, layer 134 can be a nonwoven 
material made by another suitable process. In still other embodiments, layer 134 can be 
some type of material other than a nonwoven. For example, layer 134 can comprise a 
saim or a net. 

Furth^, tiie location of the fluid stable layer 134 witiiin the absorbent core can 
vary m different eniboifiments. Li^ 134 is preferably positioned between the 
acquiation layer 130 and tiie storage layer 132. In otiier embodiments, however, layer 
134 can be positioned adjacait other &ces of the compon^its of the multi-layer 
absort>ent core 120. Furtiier, if the components of the roulti-lq^er absorbent core 120 
such as the acquisition layer and storage layer comprise more than one layer, the fluid 
stable layer 134 can be positioned between the layers comprisiqg sudi components. In 
still other alternative emboifimoits^ layer 134 can comprise more than one layer. In this 
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case, the additional layers could be inserted between any of the components of the 
absorbent article. 

In still other ahmiadve embodiments, fluid stable lay^ 134 can be efimmated, in 
ivluch case the synthedc fibers in the acquisition Uiyer 130 and storage layer 132 can be 

S bonded directly to each oibia. In these latter embodiments, the moisture insensitive 
fibers in the acqui^on layer 130 will be bonded to other moisture insensitive fibers, 
the synthetic Sbm in the storage layer 132. 

The storage layer 132 is preferably positioned between the acquisition layer 130 
and tiiebacksheetofthe absorbent article. Storage layer 132 provides the means fiw 

10 absorbing and containing body fliuds and is generally at least slightly resilientiy 
compressible (but prdTerably not collapsible), conformable, and non»irritating to the 
user's skin. This storage layer 132 can be referred to as a "blaided" layer. Storage 
layer 132 comprises a web or batt of fibers, preferably in the form of a homogeneous - 
blend of fibers. Blended storage laycx 132 is coniprised of at least two groups (or 

15 types) of fibers. These include a first group (or type) of fibers and a second group (or 
type) of fibers. The first group of fibers comprises low denier, relatively short, 
hydrophilic fibers. The second group of fibers comprises &om about 5%, preferably at 
least about 10 or 20%, to about 90% of the fibers in the storage layer, of higgler denier, 
longer, moisture insensitive synthetic fibers. (The p^centage of fibers in storage layer 

20 132 refers to the relative wdght of the fibers only, and does not include the w«ght of 
any hydrogel-forming absorbent polymer.) The bl«id ratio of the two groups of fibers 
can be varied to produce the particular properties desired for drfferent types of 
absorbent articles. These components and properties of the storage layer 132 are 
discussed in greater detail bdow. 

25 The fibers in the first group of fibers can have various leiigtiis and deniers 

provided that these properties of the fibers are less than those of the fibers in the 
second group of fibers. The fibers m the first group of fibers preferably have a lengtii 
of less than or equal to about 1/2 inch (about 1.3 cm), more preferably less than or 
equal to about 1/4 inch (about 0.6 cm). The fibers in the first group of fibers preferably 

30 have a denier per fiber (or per filament) of less than or equal to about IS, more 
pref^ly less than or equal to about 10, and most preferably less than or equal to 

* 

about 2. 

The first group of fibers can comprise natural fibers such as cotton or cellulose. 
The cellulose fibers can be in the form of comminuted wood pulp fibers known as 
35 airfelt. The first group of fibers can ahemativcJy or ad^onally comprise synthetic 
fibers, including but not fimited to, PET, polypropylene, polyetiiylene, rayon, chemical 
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thermal mechanical pulp (or "CIMP" or TMP"), ground wood; or cross-linked 
cellulose fibers. The fibers in the first group of fibers are dther inherently faydrophilic, 
or can be rendered faydroplufic by treating them in any of the manners described 
previously. 

Peifonnance is improved by sdectiiig a rdatively sdfif fiber that maintains a 
substantial portion of its compression resistance whoi wetted for the fibers in the first 
group. (That is, the fibers should have a high compresave modulus:) Preferably, the 
Bbers sdected are both conqniesaon reastaht under wet and dry conditions,- and are 
wet and dry resilient (i:e., they tend to both resist conqires^on and to spring back when 



* 


fit* 
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10 ' compressed). Chemically 

The fibers in the second group of fibers are generally longer than the fibers in the 
first group of fibers. The fibers in the second group of fibers should also be of high 
compressive modulus and should maintain a relatively high modulus when wetted. The 
fibdr^ in the second groiip of fibers diould also preferably 'be wet and dry resilient 
i s Suitable fibers for inchiaon in the secoiid ffmsp of fibers include^ but are not limited to 
synthetic fibers comprised of any of those materials ^>edfied above as bong suitable 
for use as the fibm of the aciqinsition layer 13 0. (Fiber lengths; denier, etc. can be the 
same, but are not necessarily the same. For example, the synthetic ^fibers in the 
acquiatibn layer can have one denio: (e g., a denier of about IS) for aicfing in the 
20 acquisition of fluids and Smt greater realiency, arid the synthetic fibers in the storage 
layer can have a lower denier, such as about 2. Some preferred fiber lengths, etc. for 
the synthetic fibm iii the storage layer are described below.) 

Preferably, the fibers in the second group of fibers have an uncrimped length of 
greater than or eqiial to about 1/4 iridi (about 0.6 cni) long, more preferably greater 
2S than or equal io about 1/2 inch (about 1.3 dn). The denier bf the fibers in the second 
group of fibers is preferably greater than the demer bf the fibers in the first group of 
fibers, the fibers in the secoiid group of fibers preferably have a denier p& fiber of 
between about 1 1/2 or 2 and about SO or 60, and more preferabfy between about 6 
and about 40. More preferaUy still, the denier of the fibers in the second group of 
30 fibers is betwe^ about 12 or IS and about 30, and most preferably is between about 
12 and about 2S. 

The fibers in the second group of fibers are fluid insensitive. That is, the fibers in 
the second group of fibers are not substantisdly afiected by the presence of moisture 
(and, thus, will not collapse v/hen wmed). These fibers may, however, transport fluids 
3S along their surfiices. The fibers in the second group be faydrophilic, hydrophobic, 
or partially hydrophilic and partially hydrophobic. The fibers in the second group of 
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fibers preferably have at least some hydrophific component (wfaidi may be a cdlulo»c 
component). The fibers in the second group of fibers can be prodded with a 
faydrophilic component in a number of suitable ways. These include, but are not limited 
to coatmg or treating the fibers to render them, or at least thdr surfaces^ iQrdrophi&c. 

5 One suitable type of synthetic fibers for use b the second group of fibers is 

crimped polyester fibers. Suitable synthetic fibers are those formerly available fi-om 
Eastman Kodak Textile Fibm Diviaon Kingsport, TN as the KODEL® 200 and 400 
Series PET fibers. One suitable type of synthetic binder fiber is the KODEL® 410 
fiber. A suitable polyester fiber is the KODEL® 431 fiber. These KODEL® fibers 

10 have a denier of 15 per filament and a length of about 0.5 indi (about 1.3 on) and are 
preferably crimped at a oimping firequency of between about 5 and 8, preferably about 
6, more preferably 6.3 crimps per linear inch (Le., per 2.5 cm). The fibers are 
preferably crimped at a crimping angle of between about 70^ to about 91^, more 
prrferably about 88^. Crimping provides the fibers with improved re^ence^ among 

15 other desired properties. The fibers may be coated with a hydrophilic or hydrophobic 
fiiush by any suitable method known in the art. 

In alternative embodiments^ it is possible to rq)lace the natural fibers in the first 
group of fibers vnth very short, tow deiuer, synthetic fibers (with hydrophilic surfaces). 
The blended storage layer 132 in sudt embodiments would consist of short, low doiier, 

20 hydrophilic first group of synthedc fibers (such as polyester Sbm mth a CELWET® 
finish) and long, high denier second group of crimped synthetic fibers. 

The blended storage layer 132 also contains hydrogel-forming absorbent polymer 
in amounts as previously set forth in C(l) above. The blended storage layer 132 is also 
preferably compressed to a density of at least about 1.5 g/cubic inch (about 0.09 

25 g/cm\ The blended layo* 132 can be compressed to den^ties at least as high as about 
4.0 g/cubic inch (about 0.25 g/cm ) to improve fluid widdng (that is» distribution of 
fluids to other parts of the storage layer) while still maintaiiung good softness and 
flexibility. The blended storage layer 132 can be compressed to densities up to as high 
as about 5.6 gfti? to about 6.4 gftr? (about 0.35 g/cm"* to about 0.40 g/cm^). These 

30 higher denaty cores can become rather stifl^ however. Therefore, if storage layer 132 
is compressed to densities of about 0.35 g/ca? to about 0.40 g/cm^, it is preferabfy 
medianically flexed or otherwise mampulated to make it more flexible before it is 
placed in use. (For ^plicity, the density values spedfied above do not include the 
wdght of any particles of hydrogel-forming absorbent polymer. The overall density of 

35 the storage layer, thus, will be greatiy affected by the amount of hydrogel-forming 
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absoibem polymer in the storage layer, makiiig h impractical to attempt to express an 
alMndusive overall raiige of density for Ae storage layer.). 

The tiiree conqwnents of the preferred muhqjle layer absrabent core 120, the 
acquisition layer 130. fluid stable layer 134. and storage layer 132. are preferably held 
5 together by adhesives applied between the adjacent feces of the components. The 
bonds between the components of the mul^Ie layer absoitent core 120 are 
particularly shown in Figure 2. The body-feeing side of the acquisition layer 130 is 
adhered to the imdenide (or garntent-fedhg side) of the topsheet 112 by adhesive 166. 
The ganhent-fecing side of the acquisition layer 130 is bonded to the body-feeing side 
10 of the fluid stable layer 134 by adhesive 167. The gannent-fecing side of the fliiid 
stable l^er 134 is, in tiim, bonded to the body-fedng side of th^orage 132 by 
adhesive 168. The multiple layer absorbent core 120 is also preferably adhered 

between the topsheet 112 and backsheet 116 by adhesives shown as layers 166 and 
169, These adbeaves are appfied between the multiple layer absorbent core 120 and 

15 the respective inwardly fedi^ sui&ce (or gannerit-fedng side) the topsheet 112 (as 
desioibed above) and the body-fedng side of the backsheet 116. 

The adhcMves aiie ritown schematically as l^ers in Figure The 
adhesive^ however, nied not be applied only m the form of Iay«^^ The adhesives can 
be applied in aiiy of the manners docribed with relation to the adhesives used to bond 

20 the Acquisition layer to the topsheet (e g., s?)irals, etc ). In addition, other types of 
attachment means can be used. The conqmnents of the multiple layer absorbent core 
can be adhered together by any of the attachment means that are described above with 
relation to adhering tfie acqui^on layer to the topsheet It should also be understood 

• • • 

that the various diffisrent l^era of the imimple layer absoibem core need not aU be 
25 attached by the ^ame type of attachment means. The layers of the multiple 1^ 
absorbent core can be attached to each other by diflfCTcnt attachment means and/or if 
adhesives are used, different types of adhesive ^>plications/pattems can be used 
between layers. In the preferred embodiment shown in Hg. 2, the layers of the multiple 
layer absorbent core are preferably held together by an open patten network of 
30 adhesive filaments comprising several lines of adhesive filaments swiried into a spiral 
pattern. 

The crimped synthetic fibers iii acquisition layer 130 and storage layer 132 serve 
an important role in the wet integrity of the compoimiits of the mutti^layer absoiboit 
core 120. The crin^ synthetic fibers in the acquisition layer 130 and storage Isyer 
35 132 should preferaUy be loiig enough to form at least portions of the sur&ces of these 
respective con^onents. The synthetic fibers wffl typicaUy be long enough to form at 
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least a portion of the sur&ce of a given layer if they have lengths that range from 
lengths that are equal to the thickness of the layer that they comprise up to lengths that 
are greater than or equal to 50% more than the thickness of the layer they comprise. 
The synthedc fibers (or portions thereof) that form part of the surface of the 

5 acquisition layer and the storage layer are available to be bonded with adhesives to the 
adjacent laym. Since the synthetic fibers are moisture insenntive, they will be able to 
form fluid stable bonds (not shown) to the topsheet 112. This will ensure that the 
bonds do not fail when the absorbent article 110 is wetted by bodily exudates. Fhiid 
stable bonds will also be formed between the garment-&cing sur&ce of the acqui^on 

10 • layer 130 and the fluid stable layer 134 (or if there is no intennediate fluid stable layer, 
to the body-fiunng sur&ce of the storage layer 132). The crimped synthetic fibers will 
also form fluid stable bonds between the garment-fadng sur&ce of the fluid stable layer 
134 and the body-&dng sur&ce of the storage layer 132. Fhiid stable bonds will also 
be formed between the garment-&dng sur&ce of the storage lay^ 132 and the bocfy- 

15 facing sur&ce of the backshe^ 1 16. 

The topsheety fluid stable layer, and backsheet are also fluid stable in that they 
generally re^ stretching when wet and are able to serve as supporting substrates fi)r 
the other layers such as the acqmsidon layer 130 and the storage layer 132. The 
acqui^tion layer 130 and the storage layer 132 are subject to stretching and being 

20 pulled apart under the forces associated with wearing and loading of absorbent article 
110 with body fluids. The acqiuation layer 130 and storage layer 132, however, are 
bonded to these fluid stable layers at fixed fluid stable bond sites. The acqui^on l^er 
and storage layer are, thus^ in effect, anchored to the topsheet» backsheet, and 
intermediate fluid stable layer ia such a manner that the bondiiig ties these nonwoven 

25 layers to fluid stable liters. The acquisition layer and storage layer are, as a result, able 
to utilize the resistance to stretching of the adjacent substrates to resist intra-Iayer 
separation (e.g., fiiiling by an elongation or struii*rdated Mure mediamsm) due to the 
forces assodated with wearing of absorbent article 110 such as bending of the artide, 
wearer activity, and loading of the article with body fluids. 

30 The construction of the multiple layer absorbent core described above, thus, 

provides an interioddng, compression resistant, fluid stable matrix of ^nthetic fibers 
and fluid stable components that are inter-connected and remain inter-connected during 
use. The muhtple layer absorbent core 120 is, thus, reastant to both compresaon and 
to tenaonal forces (i-^., strain-related forces) so that it maintains its void volume and 

35 can stay in its prior-to-use condition i^en wetted and under the loads assodated with 
wearing the absorbent article. 
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Another suitable absorbent core according to the present invention invokes a . 
primaiy core int^rity layer, preferably formed of a continuous mesh of meltblown 
material, that envelopes the core to provide inqvoved core tnt^rity, especially when 
wet See U.S application Serial No. 08/097,634 (Ashton et al), filed July 26, 1993, 
5 which is incorporated by reference; The primaiy core integrity layer that is preferably 
joined to a chassis component of the absorbent article, preferably directly joined to the 
topsheet. The bond b^ween the primaiy core int^rity l^er and the chassis 
component is preferably relatively cohesive and therefore tends to retain its strength in 
use such that the absorbent core has a reduced tendency to sqiarate fi^om the diassis 

10 component(s). In addition, the absbibeht core components have a reduced tendency to 
dip away and/or scpande fi-om one another, particularly upon wetting; 

The absorbent core enveloped by the primary core integrity layer preferably 
comprises multiple absorbent layers (one of which absorbent laym con4)rises a high 
concentration of hydrogd-fonhing absorbent polymer having at least the SFC and PUP 

15 capacity values described in B(lXb) above) with at least one secoiidary core int^rity 
layo" poidtioned between one or more of the absorbent layers. In a paiticulariy 
preferred embbdimeiit, this absorbent core connprises acquidtion/distribiition layer, a 
storage layer, and a tissue layer poatidried between the acqui^on/distribution layer 
and the storage layer. The secondary core integrity layer is preferably portioned 

20 between the acquisition/distribution and the tissue layer. 

The primary and secondary core integrity laym are preferably formed from a 
thermoplastic material, more preferably a hot-melt adhesive such that the core int^rity 
h^fds can be reaifily formed-OflhUne during construction of the absorbent article. More 
preferably, the core integrity l^ers are formed from a hot-mek, dastbmeric adheave. 

25 Elastomeric, hot-mett adhesives tend to be flexible such that there is a reduced 
tendency for adhesive and/or cohesive Mure of tfie bonds Meeting joinder m the 
artide (relative to non-elastomeric adtesives). As a resuk, the absorbent core has an 
enhanced tendency to remain in place and to r^ain its integrity. Most preferably, the 
core integrity layers are formed from an dastomeric, hot-mek, pressure-sensitive 

30 adhesive. The tack of the pressure-sieiisitive adhesive fiirther reduces the tendency of 
absorbent core components adjacent the primary or secondary core integrity layers to 
separate from other absiorbent artide conqwnents, and is particulariy eflfective in 
reducing slippage/separation of the acqiiiationAfistribution layer from the storage layer. 
One such absorbent core is shown in Ilgure 3. Figure 3 shows a cross-section 

35 of an absorbent artide indicated as 210 hawig a topsheet 212, a backsheet 216 and an 
absorbent core indicated fay 220 positioned b^een topsheet 212 and backsheet 216. 
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As shown in this Figure, core 220 is shown as comprising a storage lsy& 280 that 
comprises the high conc^itration of faydrogd-forming absorbent polymer, tissue layer 
270» and acqtushion/distribution layer 250. As also shown in Figure 3, core 220 also 
has a primary core integrity layer 230 and a secondary core integrity layer 240. The 
5 primary core integrity layer 230 is positioned between the backsheet 216 and the 
storage layer 280. The secondary core integrity layer 240 is positioned between the 
acquisition/distribution layer 250 and the tissue layor 270. As also shown in IHgure 3, 
the primary core integrity layer 230 extends beyond and envelopes the side edges of 
acquisition/distribution layer 250, the side edges of tissue layer 270, the side edges of 

1 0 storage layer 280; and the garment &cing sur&ce of absorbent core 220. Figure 3 also 
shows construcdon adhesive layers 290, 292, 294, and 296. 

As shown in Hgure 3, the secondary core mtegrity layer 240 is joined to the 
tissue layer 270 by construction adhesive layer 292. The secondary core integrity layer 
240 is positioned adjacent the acquisition/distribution layer 250. Depending on the 

15 bond str^gth of the secondary core int^ty layer 240 material to the 
acquidtion/distribution layer 250, the secondary core integrity layer 240 may be joined 
to the acquistdon/distribution layer 250 by the hot-melt or pressure-sensitive properties 
of the preferred secondary core integrity layer 240 material. As further shown in Figure 
3, the tissue layer 270 is joined to the storage layer 280 by construction adhesive layer 

20 294. The primary core integrity layer 230 is positioned adjacent the storage layer 280. 
Depending on the bond strength of the primary core int^ty layer 230 material to the 
storage layer 280, the primary core integrity layer 230 can be joined to the storage 
layer 280 by the hotHDidt or pressure-senative properties of the preferred primary core 
integrity layer 230 material. 

25 As fiirther shown m Figure 3, the acquisition/distribution layer 250 is joined to 

the topsheet 212 by construction adhesive layer 290. The primary core int^rity layer 
230 is joined to the backsheet 216 by construction adheave layer 296, and to the 
topsheet 212 by the hot-melt or pressure-sen^ve properties of the primary core 
integrity lay^ 230 matmal. 

30 As shown in Figure 3, construction adhesive layer 290 extends outside the side 

edges of the acquisition /dstribution layer 250 and inside the ade edges of tissue layer 
270. Construction adhesive I^er 290 can be wider than the tissue layer 270 so as to 
eflFect joinder of the primary core integrity hyer 230 to the topsheet 212. However, for 
economic reasons a separate application of a construction adhesive will usually be 

35 made to efifect such joinder. Construction adhesive layer 292 is ^wn in Figure 3 to 
extend in the same manner as construction adhesive layer 290. Construction adheave 
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layer 294 extends inside the side edges of the storage layer 280, and for economic 
reasons preferably extends a maximum lateral distance of up to about the narrowest 
width of the storage layer 280 in the crotch regioii of the absorbent core. As shown in 
Figure 3, construction adhesive layer 296 extends inside the side edges of the primary 
core mtegrity %er 230. Construction adhesive layer 296 can attemativdy extend 
outside the side edges of primary core int^rity layer 230 in order to effect jomder of 
backsheet 1 16 to the topsheet 212. In a preferred embodiment, construction adhesive 
layers 290, 292, 294, and 296 are applied oveir the entire l«igth (not shown) of at least 
one of the acqiusiddn/distiibutton layer 250, dssue l^er 270, storage layer 280, 
badcsheet 216, or topsheet 212. 

The primary core integrity layer 230 that preferably envelopes at least one layer 
of the absorbent core 220 and which is joined, preferably directly joined, to a chassis 
component (e.g., the topsheet 212 or badcsl^ 216) of the absorbent article. The 
primary core integrity l^er 230 tends to improve the integrity of the absorbent layers 
that it envelopes. Thus, in a prderred embo(fiment, the primary icore integrity layer 
230 envdopes each of the layers of the absorbent core 220. The following description 
is therefore directed to a primary core int^rity layer that envelopes each of the layers 
of the absori>ent core 220. It should be underwood, however, that improvements in 
absorbent core int^rity can be obtained by using a configuration in which the primary 
core integrity layer envelopes only one or some of the absorbent layers of the absorbent 
core 220. For exanq>le, the integrity of an acquisition/distribution hqrer 250, and thus 
of the absorbent core 220 incorporating the same, can be improved by enveloping oiiy 
the acquisition/d^stribudon kyer 250 with the primary core integrity layer 230. In 
addition, a primary core integrity l^er that does not envdope any of the absorbent 
core layers can be used to improve the absorbent core int^rity. For example the 
surftce area £mensions of the primaiy core int^rity layer can be less than those of 
each absorbent core layer (the primary core int^ty layer would then be positioned 
and joined as described herdn for a secondary core int^rity layer that does not 
envelope any of the absorbs core layers). However, it is bdieved that enhanced 
absorbent core int^ty is achieved where the prhnary core integrity layer envelopes at 
least one absorbent core layer, sudi that this embodiment is preferred. 

By "envdoped," it is meant that primary core integrity layer 230 endoses or 
surrounds at least a portion of the absorbent core 220 (or byer thereof). Inapreferred 
embodhnent, the primary core integrity layer 230 envdopes at least a portion of the 
side edges of absort)ent core 220 and at least one of the sur&ces of the absorbent core. 
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The primary core integrity layer 230 will ^ically envelope the side edges of one or 
more layers in the Y-Z- dim^i^oiL 

The primary core integrity layer 230 additionally serves to hold the absorboit 
core 220 in a relatively stable position, since the absorbent core will be physically 

5 constrained by the primary core integrity Ucycr, It is also believed that primary core 
integrity layer 230 helps to maintadn the adhesive bonds that typically join the absorbent 
core and chassis component of absorbent artides, e.g., where a construction adheave is 
used to join these components. The primaiy core integrity lay^ is particulariy usefid in 
maintaining the integrity of the adhe^ bonds typically joining cdlulo^c Sbm of 

10 absoibent core 220 to a polymeric chassis, more particularly a chas^ formed of or 
coated with a synthetic polymeric material (herdnafter "synthetic polymeric chasas"). 

Since the primary core integrity layer 230 forms a rdativdy strong bond and 
phyacally constrains absorbent core 220, the primary core integrity layer tends to - 
reduce the forces encountered by the relativdy weak, cellulosic fiber-construction 

IS adheave-polymeric Cassis bonds such that these latter bonds have a reduced tendency 
toward breakage. Further, if the cellulosic fiber-construction adhesive-poiymeric 
chasds bonds do fail, the relatively strong primary core integrity layer-chasms bond 
tends to retain the absorboit core in a rdativdy stable position. Thus, the absorbent 
core has a reduced tendency to separate firom the chasas component. TMs positive 

20 effect on adhesion can be particulariy important when the absorbent article is wetted. 
When the cellulosic fibers and hydrogel-forming absorbent polymo* that are 
incorporated into the absorbent core expand upon wetting, the forces ex^ed by the 
e>q)anding celluloac fibers and hydrogd-fomung absorbent polymer tend to cause a 
loss of adhesion between the fibers, IqrdrDgd-forming absorbent polymer, and chassis 

25 (adhesive failure tends to occur between the fibers and/or hydrogd-forming absorbent 
polymer and the construction adhesive, rather than the chassis and construction 
adhesive). 

By eSectively constraining the absorbent core, the primary core integrity layer 
230 also reduces the tendency of the other layers in absorbent core 220 to slip away 

30 and/or separate from one another. This tendency toward slippage and/or separation is 
fiirther reduced where the primary core int^ty layer comprises a tacky, pressure- 
sen^e material. It is befieved that the above described physical constraint, rdativdy 
strong primary core integrity laya'-chassis bond, and/or tack reduce the tendency of the 
absorbent core or components thereof to slump, break, and/or rope. As a result, the 

35 absorboit core is more ^ectivdy utilized such that the absorbent artide has improved 
absorption characteristics and reduced leakage. 
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The primaiy core integrity layer 230 comprises a continuous^ fliud pervious 
mesh of thermoplastic material. The thennoplastic material is preferably a hot*melt 
iadhesive, more prefmbly a hot-mett, pressure-sensitive aidhesive. The thermoplastic 
material is also prefimbly dastomeric. 
S By "mesh", it is meant that the thmnoplastic material is in the form of strands 

that are interconnected to form apertures. As formed by a meltblown process, the 
individual strands are preferably sinuous (wavy) and oriented m substantially the same 
direction with at least some crosswise linking to' -form an intertwimng v/A of the 
strands. "Strands" is meant to include fibers, threads; filammts^ and other forms that 

10 have a relatively large lon^tudinal to at>ss-sectional dmenaon. By "fluid pervious 
mesh," it is meant that the mesh has a sufBdent number of apertures of sufficient aze 
per unit area to allow relatively unimpeded fliiid transport throu^ the mesh. Thus, the 
mesh typically has a basis wdght as described herein. 

By "continuous" mesh, it is meant that substantially all of the strands are 

IS connected to at least one other strand. Typically, the strands are cohenvely connected 
at each of the points where the strands intertwine. (As understood in the art, cohesion 
refers to the force that holds adjacent molecules of a sii^iB material t^^ As used 
herein, "relativdy cohesive" bonding is believed to resuU from the force of attraction 
between two or more nmilar materials, e.g., two or more synthetic polymeric 

20 matmals.) 

Various thermoplastic materials such as are known in the art can be used for 
making primary core integrity layer 230. Examples, of thermoplastic materials include 
polymers of etfa^enically unsaturated monomers such as polyethylei^ polypropylene, 
polystyrenes, polyvinyl chloride, polyvinyl acetate, polymethyl methacrylate, polyethyl 

2S aa^date, polyacryloiutrile, and the like; copolymers of ethyientcaOy unsaturated 
monomers such as copolymers of ethylene and propylene, styroie, or pdlyvin^ acetate; 
styrene and maleic anhydride, mc^^ methacrylate, eth^ aoylate, or a^onitrile; 
methyl methaaylate and eth^bcrylate; and the tike; polymers and copolymers of 
conjugated dienes such as polybutadiene, polyisoprene, polychloroprene, styrene^ 

30 butadiene rubber, etl^lene*prop^aie-<fiene rubber, acr^onitrile-styrene butadiene 
rubber and the like; saturated and unsaturated polyesters inchiding alkyds and other 
polyesters; nylons and other polyamides; polyesteramides and polyurethanes; 
chlorinated polyethers; epoxy polymers; and cellulose esters sudi as cellulose acetate 
butyrate, and the like. Blends of thermoplastic materials can also be used, induding, 

3S but not limited to, physical nuxtures and copolymers. Particularly suitable thermoplastic 
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materials include polyethylene, polypropylene, polyesters, ethylene vinji ac^e, and 
blends thereof. 

Various hot-mdt adheres such as are know in the ait can also be used. Hot- 
melt adhesives are typically based on one or more types of thennoplastic materials, 
5 such as those described above. Thus, the hot-mdt adhesives used hsmn can be a 
thermoplastic material or a compoation comprising a thermoplasdc material. The 
various hot-mdt adhesives known in the art are suitable for use hmin. 

The thermoplastic material is pref^ably elastomeric. Elastomeric materials are 
believed to be particularly useful for maintaining the integrity of the absort)ent core 

10 while the absort>ent core is subjected to flexural or tordonal forces sudi as encountered 
in use. More particularly, elastomeric adhesives are believed to have betto* adhesion to 
the absorbs artide componoits than non-elastomeric adheres, particulariy under the 
dynamic conditions encountered in use of the absorbent artide. By ^'elastomeric," 
"elastic/ etc., it is meant that the material is able to be stretched to at least twice its 

IS original length and to retract to approximately its orig^ial length when rdeased. 
Exemplary elastomeric, hot-mdt adheaves indude thermoplastic elastomers such as 
ethylene vinyl acetates, polyurethanes, polyolefin blends of a hard component 
(generally a crystalline polyol^ such as polypropylene or polyethylene) and a soft 
component (such as ethylene-propylene rubber); copoiyesters sudi as poly (ethylene 

20 terephthalate-co-ethyiene azelate); and thermoplastic dastomeric block copolymers 
having thermoplastic end blocks and rubbery nud blocks designated as A-B-A block 
copolymers; mbctures of structurally different homopolymers or copofymers^ e.g., a 
mixture of polyethylene or polystyrene with an A-B-A block copolymer mbctures of a 
thermoplastic elastomer and a low molecular wd^t lesin modifier, e.g., a mbcture of a 

25 styrene-isoprene-styrene block copolymer with polystyrene; and the dastomeric, hot- 
mdt, pressure-sensitive adhesives desoibed herein. Elastomeric, hot-melt adheaves of 
these types are described in more detail in U.S. Patoit 4,731,066 (KorpaiBn) issued 
Nfarch 15, 1988, which is incorporated by reference. 

Preferred hot-mdt adhesives for fomung the piimary core integrity layer are 

30 hot-melt, pressure-senative adhesives. Hot-mdt, pressure-senative adhesives^ as 
understood by those of ordinaiy skill in the art, have some degree of surfiice tack at use 
temperatures. These tacky materials typically have a viscosity at room tmperature 
(about 20^C to about 2S^C) wiuch is sufiBdently low to penmt good sur&ce contact 
yet high enough to resist separation under stress, ^ically on the order of 10^-10^ 

35 centipoise. Due to thdr sur&ce tack, the pressure-sen^ve adhesives used herein tend 
to increase the coeffident of friction between absorbent article compoiioits that may be 
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to the pressure-sensitive adhesive, for example, the absoibeat core layers. In 
addition, the pressure-sensitive adhesives provide inanu&cturing flenbili^ since joinder 
of the primary core integrity layer to other absorbent article components can theii occur 
via the pressure-sensitive properties of the adhesive after the adhesive has solidified. 

5 Various hot-meh, pressure-sensitive adhesives are known in the art and are siiita^ 
use herein. . 

Preferred hotHoeh, pressuie-senative adheaves are also elastomeric. 
Hastomeric, hot-meh, pressure-sensitive adheshres are disctosed m the above 
referenced and incoiporated U.S. Patent 4,73 1,066, and include those Materials based 
10 . on thermoplastic block copolymers, polyaciylates, and ethylene vinyl accb^ Suitable 
elastomeric, hot-meh, pressure-sensitive adhesives inchide the A-B-A block copolymer 
based adhesives that are specified as H-2085 and H-2031 by Fmdley Adhesives, Inc., of 
Wauwatosa,WL 

The primary core integrity layo- 230 can be formed using a meltbldwn fiber 
process. Meltblown fibw process^ and equipniem are genendfy in 
general, the tiwrmoplastic material is heated to and hdd at a temperature suffident to 
aflow meltblown profe^ssing. typically at least imtS the material is in a liquid or molten 
state (melt/Uquefiiction temperature). (In ^eral, the selection of any given 
temperature in the meltblown process is limited by the degradation temperature of the 
particular thiamoplastic material being processed.) Tht molten/liquefied material is 
cxtriided under pressiire (gun pressure) tiuough orifices in a mehblown ghie gun. 
Upon exmision. tiie molten/liquid material is subjected to air flowing under pressure 
(air pressure) v^A fiberizes the material (strands are formed). The mdddown glue 
gun and air are heated to a desired gun temperature aiid air temperature, respectively, 
in order to bcDitate stiand fisrmation. During and/or after sttahd formation, tiie 
diermoplastic material cools to fijrm stabilized strands of the thermoplastic material. 

Tlw apparatus is configured such that the strands are laid onto a desired substrate. 

The mdtblown process parameters are preferably selected to provide a mesh 
having a certain strand orientation and denia-. These parameters indude tiie 

30 mek/Uquefiwrtiori tempenrture, gun temperaturei air pressure, and air temperatu^ ba 
prefiared embocfiment, tiiese parameters are varied to enable die formation of amious 
(wavy) strands vdiich are oriented in substantially tiie same direction widi some 
crosswise linking to form an intertwining web of tiie strands. In addition, it is general^ 
desired to form rdativdy large denio- strands, since tiie degree of wetting of tiie 

35 tiiennc^lastic material to tiie absoriwnt core and tiuis tiw d^ree of inqnovement in 
absort>ent core int^rity tends to increase witii moeasing strand demer. The strands 
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preferably have a denier of at least about 60 nucrons, preferably from about SO microns 
to about 200 microns, more preferably about 90 to about 200 miCTons^ most preferabfy 
about 100 to about 200 microns. 

In general, as the viscosity of the thermoplastic material bei^g mdtblown 

S decreases, strand formation more readily occurs, with the resultant strands tending to 
have a finer denier. The viscosity also influences the strand ori^itation, the orientation 
tending to become more random with decrea^ng ^dscoshy. The viscosity for a gmn 
nmterial typically decreaises with an increasii^ melt/lique&ction temperature and 
particulariy with increasing gun temperature. Therefore, the mdt/Iique&ction and gun 

10 temperatures are selected to pn»dde a ^scosity that enables strand fonnation as 
desired. 

The melt/liquefaction temperature is typically from about 121''C (250TO to 
about 204X (400T), preferably about 149*^C (300T0 to about 190**C (375TF). The - 
adhesives designated H*2031 and H-2085 are typically held at a temperature of from 

15 about 13 5X (275°F) to about 204**C (400TO, preferably about 149**C (300TO to 
about 177X (350^F), more prefesab^ about 165''C (330^)- 

The gun temperature is typically at or above the melt/lique&ction temperature, 
preferably above the latter tempeniture in order to &ci&tate strand fonnation. The gun 
tmperature is typically from about 149°C (300T) to about 204X (400T), preferably 

20 about 163°C (325TF) to about 190X (375TF), more prefOTbly about 182X (360TO. 

The air pressure influences both strand orientation and detuer. For a gjven 
material and set of process temperatures (particularly gun and air temperatures), as the 
air pressure increases the strands tend to form in a more random orientation and with a 
finer denier. The dir pressure is preferably at least high enough to form strands of 

25 mohen/liquefied thennoplastic material which touch and thus are able to interconnect 
while the thermoplastic material is in a suffidently molten/liquid state, as described 
below. In a prderred embodiment, the air pressure is selected to enable the formation 
of sinuous strands in substantially the same direction with some crosswise linking to 
form an intertwining web of strands. Thus, it is preferred that the air pressure is not so 

30 high as to cause the fmnation of strands in random orientation. Typically, the air 
pressure is from about 4 psi to about IS psi, preferably about 6 to about 10 psi, more 
preferably about 7 to about 9 p^ most preferably about 8 pa. 

The air temperature will generally be sdected so as to maintain the extruded 
thermoplastic material in the molten/liquefied state. Thus, the air temperature will 

35 usually be greater than or equal to the gun temperature in ordo* to ofi^ any cooling 
effects that might othoivise occur. Preferably, the air temperature is suffictent to 
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ensure the inteFconnecdon of tlie individual strands of thermoplastic material on the 
substrate (although the extruded material need not be in the samd mett/liquefaction 
state as when first extruded, it is preferably sufficiently mohen/Iiquefied to enable 
interconnection of the strands). Typically, the air temperature is fi-om about 204X 
5 (400TF) to about 238X (460T), preferably from about 215**C (420TO to about 227X 
(440°F), more preferably about 221 °C (430TO. Upon cooling to a temperature 
suffiddit to resoli^ the thermoplastic material, the resultant mesh of interconnected 
strands is stabilized. 

The thermoplastic materia is applied to the subistrate (e.g., an absorbent core 

10 component) so as to not interfere substantially with absorption of the absorbent core. 
Thus, die basis weight of tiie mesh of tiiermoplastic material is typically fix>m about 2 
to about 8 grams/square meter (g/m^), preferably about 3 to about 7 g/m^, more 
preferably about 4 to about 6 g/m^, most preferably about 5 g/m^. 

The partiailar mdtblown equipment used herein is typically selected according 

IS to the width of tiie absorbent. core (or absorbent core coRq)onc»it) wMch is to be 
enveloped. In general, the equipment is selected vdach will provide, in one step, a 
width of mesh of thomoplastic material that is suffidd^ to eiivelbpe the absoibent 
core. (Where a primaxy core integrity layer or secondary core iiitegrity layer as 
described herdn is not intended to envdope at least a portion of the ade edges of an 

20 absorbent core component, the melti>lown gjue gun is selected to provide a nwsh width 
that is smalls than the width of the absorbent core component). For the absorbent 
articles herein, a 2 module, 3.0" width mehblown glue gun designated AMBI-3.0-2 and 
a 4 module, 6" width mdtidown glue gun deagnated AMBI-6.0-4, each available from 
J and M Laboratories of bawsonviUe» GA, are suitable for use. 

25 The. primary core integrity lay& 230 is preferably formed by the metolown 

process in a continuous process (on-line) during manufacture of the absorbent artide. 
Altemativeiy, the primary core integrity layer can be formed by the above mdtblown 
process or by conventional methods in an intermediate process for lata- incorporation 
into the absorbent artide. Thus, the primary core irttegrity layer may be a preformed, 

30 non-woven, fluid pervious web comprising strands of thermoplastic material 
However, since the use of preformed non-wovens tends to add to the ultimate cost of 
the disorbmt artide; this attemative is not preferred. 

As described above, the primary core integrity layer 230 is preferably 
positioned such that it envdopes the absorbent core 220. The primary core int^rity 

35 layer is also jcnned to at least one of the diialsas components (e.g., the topsheet 212 and 
backsheet 216) of absorbent artide 210. In a preferred embodiment, the primary core 
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integrity layer 230 is directly joined to a chassis component, preferably the topsheet 
212. The primaiy core integrity layer can be joined to a chasas component by a 
construction adhesive. Ahonatively, the primaiy core int^rity layer can be joined to a 
chases component by the hot-mdt or pressure-sensitive properties of the thermoplastic 

5 material of the primaiy core integrity layer, where such materiak are used. 

In a preferred oiibodiment, the primary core integrity layer 230 is directly 
joined to the chasas component by a construction adhesive. Siutable construction 
adhesives include any of the adhere materials such as are known in the art of bonding 
absoibent cores to chassis components^ including those desoibed herein in reference to 

10 joining the backshe^ 216 and the absoibent core 220. The constniction adhesive can 
comprise any of the hot-melt adhe^ves described in reference to the thermoplastic 
materials for forming the primary core integrity layer. 

The construction adhesive can be ^plied to a given substrate (e.g., the primary 
core integrity layer, an absorbent core component, or a chassis component) by 

15 conventional methods sudi as desmbed herein in reference to jcmider of the backsheet 
and absorbent core. Preferably, the construction adhere is applied in an open pattern 
of construction adhe^ve. As used herein, "open pattern of construction adhestve" 
means that the construction adheave is present on a substrate in a pattern that allows 
for relatively imimpeded fluid transport into and/or through the absoibent core. 

20 Suitable open patterns and methods of making the same are <fisclosed in the U.S. 
Patents, 4,573,986; 3,911,173; 4,785,996; and 4,842,666, wMch are incorporated by 
reference. Thus, the open pattern of construction adhere may comprise a fine pattern 
of globulettes of construction adhesive or reticulated netwoiks of filaments of 
construction adhesive, including spml and/or bead patterns. The globulettes and 

25 filaments may have diameters about equal in order of magnitude to the efifective 
average diameter of the fibers that constitute the absoibent core 220. The construction 
adhe^ve may also be applied by a mdtblown process, inchiding the process desoibed 
for making the primaiy core integrity layer. 

In a preferred embodiment, the absoibent core 220 comprises a secondary core 

30 int^rity layo- 240, positioned between various absoibent layers, preferably webs or 
batts, of the absoibent core. (As should be understood by those of ordinary skill in the 
art, such absorbent layers can, like the absoibent core, have a garment fiidng sur&ce, 
body &dng sur&ce, side edges, and end edges.) The secondaiy core int^ty layer 
240 in preferred absorbent articles 210 will thus be portioned between the primary 

35 core integrity layer 230 and the chassis component to ^ch the primary core integrity 
layer is joined. (However, where the primaiy core int^ty layer oivdopes only a 
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portfon of the 220 absoibert core layers, 8 secondaiy core inte^ 
positioned between absoi1>ent core layers that are not enveloped by the primary core 
integrity layer.) The secondary core int^ty layer 240 comprises a continuous mesh 
of thermoplastic material, as defined in refoence to the primaiy core integrity, layer. 
Thcisecondary core integrity layer 240 is joined to a chassis component and can be 
directly joined thereto, e.g., where the secondary cote integrity layer envelopes the 
absoibeot core Iqren positioned between the secondary core int^rity layer and the 
chassis. 

The secondaiy core integrity layer 240 may or may not oivdope one or more 
absori>ent layers of absori)ent core 220 . As shown in Figure 3, the lateral width of the 
secondaiy core integrity layer 240 is less than the lateral width of each of the various 
absori)ent Isqrers of the absorbent core, Le., lateral width of the secondaiy core integrity 
lqrer .240 is less than the lateral widths of each of acquisition/distribution l^er 250, 
tissue teyer 270, and storage layer 280). Tlnis, the secondary core integrity layer 240 
does not envdope the ade edges o^ req)ecttvely. the acquisition^cfistribution layer 250, 
the tissue l^er 270, and the storage b^er 280. 

The secondaiy core tnt^riqr Iqrer 240 can akemattvdy envdope the absorbent 
layers as desoibed for the priroaiy core int^rity %er 230. The extent of envdt^ 
can be the same w diflfeient fiom that of the primaiy core int^rity l^er of any other 
secondaiy core int^ty 1^. Thus, the secondaiy core int^ty layer 240 can 
envdope rdativ^ different longitudinal portions of the side edges <rf'an absori>eitt 
layer* and/of a (fifferent suffice and/or relative portion of a sur&ce of an absort)ent 
l^er.: 

The secondaiy core int^ty 240 can be fonned of a thennoplastic 
material and' by a process as described for the primaiy core int^ty layer. The 

secondary core integrity kyer can be formed of the same thermoplastie material as the 
primary core integrity l^er 230 or from a different thennoplastic material. For ease of 
processing, the secondaiy core int^rity hyer is preferably formed of the same 

thennoplastic materid as is the primaiy cne mt^rity hqrer. In addition, the. secondary 
core integrity layer can be formed using process parameters that are the same or 
different from those used to form the primaiy core int^rity layer. Preferabty, the same 
process pafametfirs are used such that the secondary core int^ty %er has a basis 
wd^ and the strands of thermoplastic materid thereof have a demer and orientation, 
wUch are substantially the same as the primary core integrity l^er. 

The secondaiy core integrity layer 240 can be j(nned to (me or more absori)ent 
core layers and/or a chassis con^onent. Joinder can occur uang a omstiuction 
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adhesive and/or by the hot-mdt and/or pressure-senative properties of the secondaiy 
core integrity layer material, as described for joinder of the primary core integrity layer 
to a chassis component. 

The absorbent article 210 shown in Rgure 3 can be formed in the foQowing 
5 manner. A secondaiy core integrity layer 240 is formed on the garment &dng sur&ce 
of acquidtion/dtstribution layer 250. The secondary core integrity layer 240 is joined 
to tissue layer 270 by construction adhesive layer 292 that is preferabty applied to the 
body &dng surface of tissue layer 270. The garment &dng surface of tissue layer 270 
is then joined to storage layer 280 by construction adhesive layer 294 that is preferably 
10 applied to the garment &dng surface of tissue layer 270. The resultant laminate is then 
joined to the topsheet 212 by construction adheave layer 290, which joins the 
acquiintion/distribution layer 250 to topsheet 212. The primary core integrity layer 230 

• 

is formed on the garment hang surface of storage Iqrer 280, a portion of the garment 
facing surface of tissue layer 270 (corresponding to the difT^ential lateral distance 

1 5 betwem side edges of the storage layer 280 and the ade edges of tissue h^er 270), and 
a portion of the garment facing surface of topsheet 112 (corresponding to the 
differential lateral distance between the side edges of tissue layer 270 and the side 
edges of the primary core integrity layer 230). The backsheet 216 is then joined to the 
primary core integrity layer 230 by construction adhesive layer 296 and to the topsheet 

20 2 12 by a construction adhe^ve (riot shown). 

Other suitable absorbent core accordiiig to the present invention can be in the 
form of a layer of hydrogd-forming absorbent polymer contained betweoi two other 
fibrous layers, e.g., a laminated absorbent core. Suitable laminated absorbent cores 
according to the present invention can be prq>ared using procedures similar to those 

25 described in U.S. Patent 4,260,443 (Lindsay et aQ; U.S. Patent 4,467,012 (Pedersen et 
al), issued August 21, 1984; U.S. Patent 4,715,918 (Lang), issued December 29, 1987; 
U.S. Patent 4,851,069 (Packard et al), issued July 25, 1989; U.S. Patent 4,950,264 
(Osbom), issued August 21, 1990; U.S. Patent 4,994,037 (Bemardin), issued Fd>ruary 
19, 1991; U.S. Patent 5,009,650 (Bemardin), issued April 23, 1991; U.S. Patent 

30 5,009,653 (Osbom), issued April 23, 1991; U.S. Patent 5,128,082 (MakouO, July 7, 
1992; U.S. Patent 5,149,335 QCdlenberger et al), issued September 22, 1992; and U.S. 
Patent 5,176,668 (Bemardin),issued January 5, 1993 (all of which are incorporated by 
reference) but uang hydrogd-forming absorbent pofymer having least the SFC and 
PUP capacity values described in B(l)(b) above. 

35 Other suitable laminated absorbent cores according to the present invention 

invohong thermally bonded layers are disclosed in U.S. application Serial No. 141,156 
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(Richards et aO, filed October 21, 1993, vAidi is incorporated by reference. These 
thieniially bonded absorbent cores conquise: (1) a primary thermally bonded fluid 
distribution l^er; (2) optionally, but preferably a secondaiy fluid distribution layer in 
fluid comniuiiication with, and being capable of acquiring aqueous body fluids from, 
the primary distribution layer; (3) a fluid storage layer in fluid communication with 
either the primary or secondary fluid distribution layer that comprises a high 
concentration of hydrogel-forroinj; absorbent polymer having at least the SFC and PUP 
capadty values described in B(lXb) above; and (4) optionally a "dustixig" layer 
adjacent the storage laiyer. These absorbent cores are typically used in conjunction 
with a thermally bonded acqiuation layer (refisrred to as a "secondary topsheet"). 

An embodiment of thiese thermally bonded absorbent cores is shown in Figure 4. 
Figure 4 shows a o^oss-section of an absorbent article particulariy suitable as a 
catamenial indicated as 310 having a fluid pervious primary topshe^ 312, a fluid 
iriq>ervi6us backsheet 3 16 and an absorbent structure positioned between topsheet 312 
and backsheet 316 comprising fluid acquisition layer 314 commonly referred to as a 
"secondary topsheet" and ah absorbent core indicated by 320. As shown in tUs Figure, 
absorbent core 320 is shown iii Figure 4 as compriahg three cotaponeats: a fluid 
distribution layer 324, a fluid storage layer 326 and fibrous "dusting" layer 328. In 
fdnniiig this absorbent core^ the "dusdiig" h^er 328 provides the initial layer upon 
wMch the hydrogel-fimning absorbent polymer of the storage layer 326 is deposited. 
The di^bution layer 324 is then posttioried over the deposited hydrogd-forming 
absorbent material thus fi>rmirig a laminate-type structure. Although it is possible to 
join dusting l^er 328 and distribution layo" 326 throu^ the use of an adhesive, these 
two iay^ 'are typically joined together by thertnal bonding since each of these layers 
comprise soiiie theimdpla^c nu^fcerial, typidally thmnbplastic Under fibers.' 



An alternative 



iment of this thermally bonded absori)ent core is shown in 
Figure 5. Figure 5 shows a cross-section of an absorbent article particulariy suitable as 
a catamenial indicated as 410 having a topsheet 412, a backsheet 416 and an absorbent 
core indicated as 420 positioned between topsheet 412 and backsheet 416. As shown 
in Figure 5, absorbent core 420 comprises four conq>onents: a primary fluid 
distribution layer 424, a secondary fluid distribution layer 430, a fiind storage layo- 426 
and fibrous "dusting" teyer 428. Again, the "dustirig" layer 428 pnmdes the point for 
dq>ositing the faydrogel-forming absorbent polymer of storage layer 426. The 
secondary and primary distribution layers 430 and 424 are then portioned over the 
deposited absorbent polynier to form a lamiriate-type structure, this lamiruite is 
typically joined tog^her by thermal bonding. 
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Figure 6 shows a combinatioii of the embodiments shown m Kgures 4 and 5. 
Like the embodiment shown in Figure 4, absorbent artide SIO comprises a topsheet 
512, a backsheet S 16 and an absorbent structure portioned between topsheet 512 and 
backshe^ 516 compriang a secondary topsheet 514 and an absorbent core 520. Like 
5 the embodiment shown in Figure 5, absorbent core 520 of Figure 6 comprises four 
components: a primary fluid distribution layer 524, a secondary fluid distribution layer 
530, a fluid storage layer 526 and fibrous "dusting" Is^er 528. 

Other suitable absorbent cores according to the present invention can be 
prepared from meKUown synthetic fibers and coform mbctures mbctures of 

10 ceOulosic and mdtblown synthetic fibers, and the like), such as disclosed in U.S. Patent 
5,149,335 (Kdlenberger et al), issued September 22, 1992, which is incorporated by 
refisrence. For example, a coformed web containing 75% hydrogd-forming absorbent 
polymer having at least the SFC and PUP capadty vahies described in B(lXb) above - 
and 25% of a fine fibbed (less than about 5 mio-ometer diamet^) meltblown 

15 HYDROFIL® LCFX copolymer fhm can be formed. This mdtblown web is then 
covo-ed on one surface with a layer of a HYDROFIL® mdtblown wd) (see Examples 

2 and 3 fi^om U.S. Patent 5,149,335). The absorbent core thus formed is then placed 
between two laym of bilobal polypropylene spunbonded materid (see Examples 2 and 

3 of U.S. Patent 5,149,335) with the spunbonded nsaterid bdng heat seded around the 
20 periphery of the absorbent structure. 

Absorbent cores contaiiiung a layer of mdtblown fibers and particles of 
hydrogel-fi>rniing absorbent polymer having at least the SFC and PUP c^iadty vdues 
described in B(l)(b) above can dso be formed according to the procedure described in 
U.S. Patoit 4,429,001 (Kolpin et al), issued January 3 1, 1984, which is incorporated by 

25 reference. For some absorbent articles^ two or more sq>aFatdy formed lasers of these 
mdtblown fibers and absorboxt polymer partides can be assembled to form thicker 
absorbent core. Also the stream of mdAlown fibers and absorbent polymers partides 
can be deposited onto another sheet materid such as a porous nonwoven web that is to 
form part of the eventud absorbent core. Other fibers beddes meltblown fibers can be 

30 introduced into the absort>eiit core. For example, crimped bulking fibers can be nuxed 
with mdtblown fibers together with absorbent polymer partides to prepm a more 
lofty or lightwdght absorbent core. 

E. Absorbent Artides 

35 

Because of the unique absorbent properties of the absorbent cores of the 
present invention, they are espedalfy suitable for use in absorbent artides, espedally 
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disposable absoibeiit articles. As used herein, the torn -absoitent article" refers to 
articles that absoit and contain body fluids, and more specifically irfers to articles that 
: are placed agaihst orin proximityto thebody of the wearer to ab^^ 
various fluids discharged firom the body. Additionally, "di^sable": absorbent articles 
5 are those which are intended to be discarded after a single use the original 
absori>ent article in its ^ole is not intended to be laundered or otherwise restored or 
reused as an absorbent artide» akhoujgh certain materials or all of the absori>ent article 
may be recyded, reused, or composted). A preferred embocfiment of a di^sable 
absorbent article according to the present invention is a diaper. As used herein, the 

10 term "diaper" refers to a garment generally worn by infants and incontinent pwsons 
that is worn about the lower torso of the wearer. It should be understood, however, 
that the present invention is also applicable to other abisorbent articles such as 
incontinent briefs, incontinent pads, training pants, diaper inserts, rjitflm^|>| pads, 
samtaiy napkins, &cial tissues, paper towds, and the like. 

15 These absorbent aitid^ typically comprise a fluid hnpervious backsheet, a fluid 

pervious tbpsheet joined to, or otherwise associated with the backsheet, and an 
absorbent core accordmg to the present invention positioned betweoi the backsheet 
and the topsheet The topsheet is positioned adjacent the Ixxfy surfice of the absorbent 
core. The topshe^ is preferably joined to the absorbent core and to the backsheet b^ 

20 attadunoit means sudi as tiiose wdl known in the art: As used herein, the term 
"joined" encompasses configurations whereby an dement is directiy secured to the 
other dement by afiSxing the demoit directiy to the other dement, and configurations 
wherdqr the dement is mdirectiy secured to the otiier dement by affixing the dement 
to intermediate member(s) which m turn are afiSxed to the other dement. In prefeired 

25 absoibent articles, tiie topsheet and the backsheet are joined directiy to each other at 
the periphery thereof The tbpsheet and badcsheet can also be indiiectiy joined 
togetiier by directiy joining them to the absoibent core by the attachment means. 

The backsheet is typically impervious to body fluids and is preferably 
manu&ctured fix>in a thin plastic fibn, ahhough other flexil>le fluid imperious materials 

30 may also be used. As used herdn, the term "flexible" refisrs to materiak that are 
compliant and will readily conform to the general shape and contours of the hiunan 
body. The badcsheet prevents body fluids absori>ed and contained in the absori>ent 
core fiom wetting artides that contact the such as pants^ pajamas, undergarments, and 
the like. The back^eet can comprise a woven or rK>nwoven »"atmal, polymeric films 

35 such as thermoplastic fihns of polyetl^iene or polypropylene, or conqiosite materials 
such as a fihn-coated nonwoven material. Preferably, the Kft^V^fhrn is a polyetfa^ero 
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film having a thidcness of torn about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 
nuls). Exmplary polyethylene fihns are mami&ctured by Clopay Corporation of 
Cindnnati, Ohio, under the deagnation PI 8-0401 and by Ethyl Corporation, Visqueen 
Division, of Terre Haute, Indiana, under the deagnation XP-3938S. The backsheet is 

5 preferably embossed and/or matte finished to provide a naore clothlike appearance. 
Furtho-, the backsheet can permit vapors to escape firom the absoibent core ^.e., 
breathable) while still preventing body fluids from passing through the backsheet. 

The topsheet is compliant, soft feding, and non-irritating to the wearer's skin. 
Furth^, the topsheet is fluid pervious permitting body fluids to readily penetrate 

10 through its thidcness. A suitable topsheet can be manufiu:tured froni a wide range of 
materials such as wov^ and nonwoven materials; polymeric materials such as 
apertured formed thmnoplastic films, apertured plastic fihns, and hydroformed 
thermoplastic fihns; porous foam^ reticulated foams; reticulated thermoplastic films; - 
and thermoplastic scrims. Suitable woven and nonwoven materials can be comprised of 

15 natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., polymeric fibers such 
as polyester, polypropylene;, or polyethylene fibers) or from a combination of natural 
and synthetic fibers. 

Preferred topsheets for use in absorbent articles of the present invention are 
selected from high loft nonwoven topsheets and aperture formed film topsheets. 

20 Apertured formed fihns are espedally preferred for the topsheet because they are 
pervious to body fluids and yet nonrabsorbent and have a reduced tendency to allow 
fluids to pass back through and rewet the wearer's skin. Thus, the surface of the 
formed fikn that is in contact with the body remains dry, thereby reducing body soiling 
and creating a more comfortable feel for the wearer. Siutable formed fihns are 

25 desoibed in U.S. Patent 3,929.135 (Thompson), issued December 30, 1975; U.S. 
Patent 4,324,246 (Muttane, et al.), issued April 13, 1982; U.S. Patent 4,342,314 
(Radel. et al.), issued August 3, 1982; U,S. Patent 4,463,045 (Ahr et al.), issued July 
31, 1984; and U.S. 5,006,394 (B^d), issued April 9, 1991. Each of tiiese patents are 
incorporated herdn by reference. Particuhuly pr^rred micraapertured formed fihn 

30 topsheets are cfisdosed in U.S. Patimt 4,609,5 18 (Curro et alX issue September 2, 1986 
and U.S. Patent 4,629,643 (Curro et al), issued December 16, 1986, vrfiich are 
incorporated by reference. The preferred topsheet for use m catamenial imducts of 
the presoit invention is the formed film described in one or more of the above patents 
and marketed on sanitary napkins by The Procter & Gamble Company of Cincinnati, 

35 Ohio as "DRI-WEAVE®." 
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The body sur&ce of the formed film topdie^ can be hydrophilic so as to help 
body fliuds to transfer through the topshe^ fiister than if the body sur&ce was not 
hydrophilic so as to dinaiush the likelihood thai fliud will flow off the topsheet rather 
than flowing into and being absoibed by the absoiboit stnicture. In a preferred 
5 embodiment, sur&ctant is incorporated into the polymeric materials of the formed fihn 
topsheet sudi as is described in U.S. patent Application Smal No. 07/794,745, 
"Absorbent Article Having A Nonwoven and Apertured Fihn Coversheet** filed on 
November 19, 1991 by AzLk, etal./\^di is inco!^ Alternatively, 
the body surfice of the topsheet can be made hydn)i)liilic by treating it with a 
10 sur&ctant such as is described in the above refisrenced U.S. 4,950,254, incorporated 
herein by refer^ce. 

F. Test Methods 
15 1. Saline Flow Conductivitv fSFO 

This test determines the Saline Flow Cdndiictivity (SFC) of the gel layer formed 
from hydrogd-forming absorbent polyihler that is swollen iji Jayco synthetic urine und^ 
a confitung pressure. The objective of tlus test is to u^s^ the ability of the Iqrdrogd 

20 layer formed from a hydrogd-forming absori>ent po^er to acqiiire and distribute 
body fluids \^en the potymca* is present at hi^ concentrations in an absorbent member 
and exposed to usage mechanical pressure. Darcys law and steady-state flow 
methods are used for determining saline flow conductivity. (See, for example, 
"Absorbency," ed. by P. K. Chatterjee, Elsevier, 1985, Pages 42-43 and "Chemical 

25 Enjgiheering VoL II, Third Editioh, J. M. Cbulsbh atnd J. F. Ridiardson, P^amon 
Press, 1978, Pages 125-127.) 

The hydrbgd layer used for SFC measurements is fi)rmed by swelling a 
' Igrdrogd-fiirming abswbent polymer in Jayco synthetic uiine fi>r a' time period of 60 
minutes. The l^drogd kiyer is fi>rmed and its flow conductivity measured under a 

30 mechanical confining pressure of 0.3 psi (about 2 kPa). Flow'conductivity is measured 
uang a 0.118 M NaC3 sohition. For a bydrogd^fbrnmig absorbent pblymier v^se 
uptake of Jayco synthetic urine versus tiine has substantially levded ofE, this 
concentration of NaCl has been found to maintain the thickness of the hydrogd layer 
substantiaUy constaiit duririg the measurement' For isscnne hydn)gd-f6rming absorbed 

35 polym^ small changes in Iqrdrogel-layer thickness can occur as a result of polymer 
swelling, polymer deswelling, and/or changes in hydrogd-layer porosity. A constant 



wo 9M6209 PCTAJS95/0Z442 

70 



hydrostatic pressure of 4920 dyne/cm^ (S cm of 0.1 18M NaQ) is used for the 
measurement. 

Flow rate is determined by measuring the quantity of solution flo\^g through 
the hydrogd layer as a function of time. Flow rate can vaiy over the duration of the 

S measurement. Reasons for flow-rate variation inchide changes in the thidcness of the 
hydiogd layer and changes in the viscodty of interstitial fluid, as the fluid initially 
present in interstitial voids (which, for example, can contain cfissolved extractable 
polymer) is replaced with NaCl sohition. If flow rate is time dependent, then the initial 
flow rate, typically obtained by extrapolating the measured flow rates to zero time, is 

10 • used to calculate flow conductivity. The saline flow conductivity is calculated firom the 
initial flow rate, dimen^ons of the hydrogd layer, and hydrostatic pressure. For 
systems where the flow rate is substantially constant, a hydrogd^ayer permeability 
coeffident can be calculated from the saline flow conductivity and tiie viscosity of the - 
NaCl solution. 

IS A suitable apparatus 610 for this test is shown in Hgure 7. Thb apparatus 

includes a constant hydrostatic head reservoir indicated generally as 612 that ats on a 
laboratory jack incUcated generally as 614. Reservoir 612 has lid 616 with a stoppered 
vent indicated by 618 so that ad^mal fluid can be added to reservoir 612. An open- 
ended tube 620 is inserted through lid 616 to allow air to enter resovoir 612 for the 

20 purpose of ddivering fluid at a constant hydrostatic pressure. The bottom end of tube 
620 is positioned so as to maintdn fluid in cylinder 634 at a hdg}it of 5.0 cm above the 
bottom of hydrogd layer 668 (see Figure 8). 

Reservoir 612 is provided with a generally L-shaped delivery tube 622 having 
an inlet 622a that is bdow (he surfiiceofthefliud in tile reservoir. The d^oy of fluid 

25 by tube 622 is controlled by stopcodc 626. Tube 622 ddivers fluid from reservoir 612 
to a piston/cylinder assembly g^ierally indicated as 628. Beneath assembly 628 is a 
support screen (not shown) and a collection reservob 630 tiiat ats on a laboratory 
balance 632. 

Referring to Hgure 7, assembly 628 basically consists of a cylinder 634, a 
30 piston generally tncficated as 636 and a cover 637 provided with holes for piston 636 
and ddiveiy tube 622. As shown in Figure 7, the outiet 622b of tube 622 is positioned 
below the bottom end of tube 620 and thus will also be bdow the sur&ce of the fluid 
(not shown) in c^inder 634. As shown in Figure 8, piston 636 consists of a generally 
cylindrical LEXAN® shaft 638 having a concentric cylindrical bole 640 bored down 
35 the longitudinal axis of the shaft. Both aids of shaft 638 are machined to provide ends 
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642 and 646. A weight indicated as 648 rests on end 642 and has a cylindrical hole 
648a bored through the center thereof. 

Inserted on the other end 646 is a generally drcular Teflon piston 650 
having an annular recess 652 in the bottom thereoC Piston h^ 650 is siznl so as to 
5 slidably move inside cjiinder 634. As particularly shown in Figure 9, piston head 650 
is provided with fixir concientric rings of twenty-four cj^indrical holes each radicated 
g«»erally as 654, 656, 658, and 660. As can be seen in Figure 9, concentric rings 654 
to '660 fti within the ari» defiiiiid by recess 652. The holes in each of these concentric 
rings are bored from the top to bottom of pistcm head 650. Thte holes iii each ring are 
10 spaced by approximatdy 15 degrees and offset by approximalely 7.5 degrees from the 
holes in adjacent rings. The holes in each ring have a progressively smaller diameter 
^ing inwardly from ring 654 (0.204 inch diamrter) to rmg 660 (0. 1 1 1 inch diameter) 

Piston head 650 also has q^ndrical hole 662 bored in the carter thereof to lece^ 
646 of shaft 63i8: 

15 As shown fa Figure 8, a fiittcd 

Attached to bottom end of cylinder 634 is a No. 400 mesh staihle^ steel doth smm 
66(5 tiiat is biaxiaUy stretched to tautness prior to attachment. The sample of hydrogd- 
ifonning absorbent polymer indicated as 668 is supported on scr^ 666. 

Cylinder 634 is bored from a transpardit LEXAN® rod or equivalent and has 

20 an inner diameter of 6.00 cm (area - 28.27 cm^X a waD thickness of ^proximatdy'O.5 
cm, and a hdght of approximatdy 6.0 cm. Piston head 650 is machined from a soUd 
Teflon rod. It has a hdght of 0.625 inches and a diamder tHat is slightly less than the 
inner diameter of cylinder 634, so that h fits within the cylinder with miiiimum waU 
dearances, but still slides fredy. Recess 652 is appro^dinately 56 mm in diameter by 4 

25 mm deep. Hole 662 in the center of the piston head 650 has a threaded 0.625 iiidi 
opening (18 threads/inch) for end 646 of shaft 638. Fritted disc 664 is diosen for high 
peimeabifity (e.g., Chemg^ass Cat No. CG-20M0, 60 ixbi diaineter, X-Coarse 
Porosity) and is ground so that it fits snugly within recess 652 of piston head 650, with 
the bottom of the disc being flush with the bottom of the piston head: Shaft 638 is 

30 machined from a LEXAN® rod and has an outer diameter of 0. 875 indies and an inner 
diameter of 0.250 iriches. End 646 is ^proximatdy 0.5 indies long and is threaded to 
match hole 662 in piston head 650. End 642 is approximately an inch long and 0.623 
inches in diaineter, forming an anmdar shoulder to support the stainless steel wdgfat 
648. Huid passing through the hole 640 in shaft 638 can <firectly access th^ 

35 664. The annular stainless sted wdght 648 has an inner diameter of 0.625 inches^ so 
that it slips onto end 642 of shaft 638 and rests on the annular shoulder formed thmin. 
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The combined wdght of fiitted glass disc 664, piston 636 and wdght 648 equals 596 g, 
which corresponds to a pressure of 0.3 psi for an area of 28.27 cm . Cover 637 is 
macluned from LEXAN® or its equivalent and is dimensioned to cover the top of 
cylinder 634. It has an 0.877 bch opening in the center thereof for shaft 638 of piston 

5 636 and a second opening near the edge thereof for delivery tube 622. 

The cylinder 634 rests on a 16 mesh rigid stainless sted support screen (not 
shown) or equivalent This support screen is sufiBciently permeable so as to not impede 
fluid flow into the collection reservoir 630. The support screen is generally used to 
support cylinder 634 when the flow rate of sa&ne solution through assohbly 628 is 

10 greater than about 0.02 g/sec. For flow rates less than about 0.02 g/sec» it is preferable 
that there be a continuous fluid path between cylinder 634 and the collection reservoir. 
This can be accomplished by repladng the support screen » collection res^voir 630, 
and analytical bakmce 632 with analytical balance 716, reservoir 712, fiitted fimnel 
718, and the respective connecting tubes and valves of apparatus 710 (see Figure 10), 

15 and positioning cylinder 634 on the firitted disc in fiitted fimnel 718. 

Jayco synthetic urine used in this method is prq>ared by dissolving a mixture of 
2.0 g KCL, 2.0 g Na2S04, 0.85 g NH4H2PO4, 0.15 g (NH4)2HP04, 0.19 g CaCl2, 
and 0.23 gMgCl2 to 1.0 liters witii distilled wato-. The salt nuxture can be purchased 
from Endovations, Reading, Pa (cat No. JA-00131-000-01). 

20 The 0.118 M NaCl solution is prepared by dissol\dng 6.896 g NaCl (Baker 

Analyzed Reagent or equivalent) to 1.0 liters with distilled water. 

An analytical balance 632 accurate to 0.01 g (e.g., Mettier PM4000 or 
equivalent) is typically used to measure the quantity of fluid flowing through the 
hydrogd Is^er 668 when the flow rate is about 0.02 g/sec or greater. A more accurate 

25 balance (e.g., Mettier AE200 or equival^) can be needed for less permeable l^drogd 
layers havmg lower flow rates. The balance is preferably inter&ced to a computer fin- 
monitoring fluid quantity versus time. 

The thickness of hydrogd layer 668 in cylinder 634 is measured to an accuracy 
of about 0.1 mm. Aiiy m^od having the requisite accuracy can be used, as long as 

30 the wdghts are not removed and the hydrogd layer is not adc&tionally compressed or 
disturbed during the measurement. Uang a caliper gauge (e.g., Manostat 15-100-500 
or equivalent) to measure the vertical (Ustance between the bottom of the stainless sted 
wdght 648 and the top of cover 637 , rdative to this distance with no hydrogd liQrer 
668 in cylinder 634 is accqrtable. Also acceptable is tiie use of a depth gauge (e.g., 

35 Ono Sokki EG-225 or equivalent) to measure the position of fHston 636 or stahdess 
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sted weight jS48 rdative to any fixed sui&ce, compared to its position with no 
hydrogel layer in cylinder 634. 

The SFC measurement is performed at ambient temperature Q.e., 20''-2S''C) 
and is carried out as follows: 

0.9 gm aliquot of hydrogd-forming absorbent polymer (corresponding to a 
basis weight of 0.032 gm/cm^) is added to blinder 634 and distributed evenly on 
screen 666. For most l^drogd-forming absorbent polymers, moisture content is 
typically less than 5%. For these, the quantity of fayiibogd-fomiing absorbent polymer 
to be added can be determined on a wet-wd^ (as is) basis. For hydrogd-^forming 
absorbent polymers having a moisture contoit greater than about 5%, the added 
polymer wdght should be corrected for moisture fte., the added polymo* should be 0.9 
g on a dry-wdght baas). Care is taken to prevent hydrogel-forming absorbent polymer 
fi-om adhering to the cylinder walls. Piston 636 (minus weight 648) with disc 664 
positioned in recess 652 of piston bead 650 is inserted into cylinder 634 and positioned 
on top of the dry Iqrdrogd-forming absorbent polymer 668. If necessary, piston 636 
can be turned gently to more-uiuformly distribute the hydrogel-forming absorbent 
polymer on screen 6<S6. Cylimler 634 is the covei^ with cover i537 ai^ 
then positioned on end 642 of shaft 638. 

A firitted disc (coarse or extra coarse) havirig a diameter greater than that of 
cylinder 634 is positioned in a wide/shallow flat-bottomed container that is filled to the 
top of the fritted disc with Jiqtco synthetic urine. The {»ston/cyIinder assembly 628 is 
then portioned on top of this fritted ^ass disc. Fluid from the container passes 
through the fritted disc and is absorbed by the hydrogd-forming absorbent polymer 
668. As the polymer absorbs fluid, a hydrogd layer is fimned m After a 

time period of 60 ininutes, the tUckness of the hydrogd layer is detemuned. Care is 
taken that the hydrogd layer does not lose fluid or take in air during this procedure. 

The piston/cylinder assembly 628 is then transferred to apparatus 610. The 
support screen (not diown) and any gap between it and the piston/cylinder assembly 
628 is presaturated with saline sohitioa. If the fritted fimnd 718 of the PUP apparatus 
710 is used, to support cylinder 634, the sur&ce of the fritted fimnd should be 
nunimally elevated rdative to the hdght of the fluid in the collection reservoir, with 
Valves between the fritted fimnd and the collection reservoir bdng m the open 
positiorL (The fritted fimnd devation should be suffident such that fluid pasang 
through the hydrogd layer does not accumulate in the fimnd.) 

The SFC measurement is initiated by adding NaCI solution through hole 640 in 
shaft 638 in order to expd air from piston head 650 and then turning stopcock 626 to 
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an open position so that ddiveiy tube 622 delivers fluid to cylinder 634 to a hdght of 
5.0 cm above the bottom of hydrogel layo* 668. Although the measurement is 
conadered to have been initiated (to) at the time NaCI solution is first added, the time 
at which a stable hydrostatic pressure, corresponding to 5.0 cm of saline solution,- and a 

5 stable flow rate is attained (t^) is noted. (The time t^ should typicaOy be about one 
nunute or less.) The quantity of fluid passing through hydrogel layer 668 versus time is 
determined gravimetrically for a time period of 10 minutes. After the elapsed time, 
piston/cjdinder assembly 628 is ronoved and the thickness of hydrogd layer 668 is 
measured. Generally the dumge in thickness of the hydrogel layer is less than about 

10 10%. 

In general, flow rate need not be constant. The time-dependent flow rate 
through the system, Fs(t) is determined, in units of g/sec, by dividing the incremental 
wdght of fluid passing through the system Qn grams) by incremental time Qn seconds). 
Only data collected for times between tg and 10 minutes is used for flow rate 

IS calculations. Flow rate results between ts and 10 nunutes is used to calculate a value 
for Fs(t=0), the initial flow rate through the hydrogel layer. Fs(t==0) is calculated by 
extrapolating the results of a least-squares fit of Fs(t) versus time to t=0. 

For a layer having a veiy high permeability (e.g., a flow rate greater than ~ 2 
g/sec), it may not be practical to collect fluid for the fiiU 10 minute time period. For 

20 flow rates greater than ~ 2 g/sec, the time of collection can be shortened in proportion 
to the flow rate. 

For some faydrogel-forming absorbent polymers having extremely low 
permeability, absorption of fluid by the hydrogel comp^es with tran^ort of fluid 
through the hydrogd layer and either there is no flow of fluid through the hydrogel 

25 layer and into the res^voir or, possibly, there is a net absorption of fliud out of the 
PUP reservoir. For these extremely low pmneability hydrogel laym, it is optioiud to 
extend the time for Jayco SynUrine absorption to longer periods (e.g., 16 hours). 

In a separate measurement, the flow rate through ^paratus 610 and the 
piston/cinder assembly 628 ^a) is measured as described above, except that no 

30 hydrogd layer is present. IfFa is much greater than the flow rate through the ^stem 

when the hydrogd layer is present, Fs, then no correction for the flow resistance of the 

SFC q)paratus and the piston/cyfinder assembly is necessary. In this linut, Fg ~ Fg, 

where Fg is the contribution of the l^drogd layer to the flow rate of the system. 

However if tlus requirement is not satisfied, then the following correction is used to 

35 calculate the value of Fg from the vahies of Fs and Fa: 

Fg = (FaxFs)/(Fa.Fs) 
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The Saline How Conductivity (IQ of the faydiogel layer is calculated using the 
followuig equation 

K= {Fg(t=0)xLo}/{pxAxAP}, 
where Fg(t=0) is the flow rate in g/sec detehnined fiom regression analysis of the flow 
rate resuits and any correction due to assembly/apparatus flow resistance, Lq is the 
initial diickness of the faydrogd layer in cm, p is the density of the NaCl sohition in 
gm/cm A is the area of the faydrogel layer in cm^, A P is the hydrostatic pressure in 
dyne/an , and the saline flow conductivity, K, is in units of cm^ sec/gm. 
The average of three determinations should be rqwrted. .. 
For bydrogd layers where the flow rate is substantially constant, a peimeability 
coefficient (k) can be calculated from the saline flow conductivity using the following 
equation: 

K = Kn, 

where 11 is the viscosity of the NaCl sohition in poise and the penneability 
coefficient, K, is in units of cnr. 

The foUowii^ is an exiunple of how SFC is calculated according to the present 
invention: 

The measured value of Fg is 412 g/ain ^ 6.87 g/sec. For a. single detennination 

on the particulate hydrogd-fonning polymer sample 3-5, (Example 3X the esctnipolated 

vahie-for Fs(t=0) is 33.9 g/min = 0.565 g/sec, with;a veiy^ow ratio of slope^itercept 

of 9 X 10-^ sec-^ Correcting for q)paratus reastance: 

Fg = (6.87 X 0.565) + (6.87 - 0.565) = 0.616 g/sec 

Given a 0.118 M saline density of 1.003 g/cm? (CRC Handbook of Cheniistiy and 
Physics, 61st Edidon) a faydn^hiyer thickness of 1.134 em, a faydrpgd layer area of 
25 28.27 cor, and a hydrostatic pressure of 4920 dyne/cm^ 

K = (0.616 X 1.134y(1.003 x 28.27 x 4920) = 5.0 x lO-^ra^sec/gi 
Considering the sidntentially constant flow rate and siven a 0 1 



15 



20 



30 



viscosity of 0.01015 poise (CRC Han^k of Chemistiy and Physics, 61st Edition)- 

K = K Ti = (5 0 X 10-^ x 0.01015 = 5. 1 x lO-^cm^ 



2. 




This test determines the 60 minute gram/gnun absorption t^n 
a lydrogd-forming absorbent polymer that is laterally confined in a piston/cylinder 
35 assembly under a confining pressure of 0.7 pst (about 5 kPa). The objective of the test 
is to assess the abiUty of a hydrogd-fonning absorbent polymer layer Ip absoib body 
fluids, over a practical period of time, when the polymer is present at high basis wdght 
and high concentrations m an absoibent member and e:qx>sed to usage pressures. 
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Usage pressures against which a hydrogel-forming polymer is forced to absoib urine 
against include mechanical pressures resulting fiom the weight and/or motions of the 
wearer, mechanical pressures resulting from elasdcs and &stening systems, and the 
hydrostatic suction resulting from adjacent capillary (e.g., fibrous) layers and/or 

S structures as they are drained of fluid. 

The test fluid for the PUP capacity test is J^co synthetic urine. Tlus fluid is 
absorbed by the hydrogel-forming absorbent polymer under denuuid absorption 
conditions at near-zero Iqrdrostatic pressure. 

A suitable apparatus 710 for this test is shown in Figure 10. At one end of this 

10 q)paratus is a fluid reservoir 712 (such as a petri dish) having a cover 714. Reservoir 
712 rests on an analytical balance mdicated generally as 716. The other end of 
apparatus 710 is a fritted fiinnd indicated generally as 718, a piston/cylinder assembly 
indicated generally as 720 that fits inside fimnd 718, and cj^drical plastic flitted 
funnd cover indicated generally as 722 that fits over fimnd 718 and is open at the 

IS bottom and dosed at the top, the top having a pinhole. Apparatus 710 has a system for 
conveying fliud in dther direction that conrists of sections glass capillary tubing 
incficated as 724 and 731a, flenble plastic tubing (e.g., 1/4 inch i.d. and 3/8 inch o.d. 
Tygon tubing) indicated as 731b, stopcock assemblies 726 and 738 and Teflon 
connectors 748, 750 and 752 to connect glass tubing 724 and 731a and stopcock 

20 assonblies 726 and 738. Stopcock assembly 726 conasts of a 3-w^ valve 728, glass 
ci4>illary tubing 730 and 734 in the main fluid system, and a section of glass capillaiy 
tubing 732 fi^r rq)leiushing reservcnr 712 and fiHwaid fiusUng the fritted disc in fritted 
fimnd 718. Stopcock assembly 738 similariy consists of a 3-way valve 740, glass 
capillaiy tubing 742 and 746 in the main fluid line, and a section of glass capillary 

25 lubmg 744 that acts as a drain for the system. 

Referring to Hgure 11, assembly 720 consists of a cylinder 754, a cup-like 
piston indicated by 756 and a wdgfat 758 that fits inside piston 756. Attached to 
bottom end of c^inder 754 is a No. 400 mesh stdnless sted doth screen 759 that is 
biaxially stretched to tautness prior to attachment Hydrogd-forming absorbent 

30 polymer indicated goierally as 760 rests on screen 759. Cylinder 754 is bored from a 
transparent LEXAN® rod (or eqwvalent) and has an inner diameter of 6.00 cm (area = 
28.27 cm^), with a wall thickness of approximatdy 5 mm and a hdght of 
approximately 5 cm. The piston 756 is in the fi^rm of a Teflon cup and is machined to 
fit into cyfinder 754 mtUn tight tolerances. Cylindrical stainless sted wdght 758 is 

35 machined to fit snugiy within piston 756 and is fitted with a handle on the top (not 
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shown) for ease in removing. The comUned wdgfat of piston 756 and weight 758 is 
1390 g, which conesponds to a pressure of 0.7 pst for an area of 28.27 cm^. 

The components of apparatus 710 are dzed such that the flow rate of synthetic 
urine therethrough, under a 10 cm hydrostatic head, is at least 0.01 g/cm^/sec, where 
5 the flow rate is normalized by the area of flitted fimnd 718. Factors particularly 
impactfiil on flow rate are the permeabiflty of the flitted disc in flitted fimnd 718 and 
the inner diameters of glass tubing 724, 730, 734^ 742, 746 and 731a, and stopcock 
valves 728 and 740. 

Reservoir 712 is positioned on an analytical balance 716 that is accurate to at 
10 , least O.Olg with a drift of less than O.lg/hr. The balance is preferably interfiiced to a 
computer with software than can 0) monitor balance weight change at pre-set time 
intervals fiom the initiation of the PUP test and Qi) be set to auto initiate on a wd^t 
diange of 0.01-0.05 g, depending on balance senativity. Capillary tubing 724 entering 
the reservoir 712 should not contact either the bottom thereof or cover 714. The 
15 volume of fluid (not shown) in reservoir 712 should be sufiBcient such that air is not 
driawn into 'capillary tuUng 724 during the measurement. The fluid level in reservoir 
712^ at the initiation of the meiasurement, should be approximately 2 nun below the top 
surflice of fritted disc in flitted fimnd 718. This can be confirmed by pladng a anall 
drop of fliud on the flitted disc and gravimetrically monitoring its slow flow back into 
20 reservoir 712. This levd should not change agniflcantly when piston/cylinder assembly 
720 is pointioned within fimnd 718. The reservoir should have a su£5cient]y large 
diameter ((B.g:, --M cm) so fliat withdrawal of --40 ml portions r^ults in a change in the 
fluid hdght of less than 3 nm 

Jayco syiithetic urine iised in this test b prep£uied by di 
25 g KCl, 2.0 g Na2SO4,0.85 g NEI4H2PO4, 0.15 g (NH4)2HP04, 0.19 g CaCl2, and 
0.23 g MgCl2 to 1.0 liters with distilled water. The salt mixture can be purchased from 
Endovations^ Readmg, Pa (cat no. JA-0013 1-000-01). 

Prior to measurement, the assembly is fllled with synthetic urine. The fritted 
disc in fritted fimnd 718 is fi^rwanl flushed so that it is fllled with fresh ^thetic urine. 
30 To the extent pos^le, air bubbles are rmoved firom the bottom sur&ce of the firitted 
disc and the system that coimects the fiinnd to the reservoir. The following procedures 
are carried out by sequential operation of the 3*w^ stopcocks: 

1. Excess- fluid' on the upper sur&ce of the flitted (fisc is removed (e.g. 
poured) 60m flitted fimnd 718. 
35 2. The solution hd^it/wdght of resovoir 712 is adjusted to the proper 

levd/vahie. 
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3. Fritted fimnd 718 is positioned at the correct height relative to reservoir 
712. 

4. Fritted fiinnd 718 is then covered vrith fritted fiinnd cover 722. 

5. The reservoir 712 and fritted fimnd 718 are equilibrated vrith valves 
728 and 740 of stopcock assemblies 726 and 738 in the open connecting 
portion. 

6. Valves 728 and 740 are then dosed. 

7. Valve 740 is then turned so that the fiinnd is open to the drain tube 
744. 

8. The system is allowed to equilibrate in tlus position for 5 minutes. 

9. Valve 740 is then returned to its closed position. 

Steps Nos. 7-9 temporarily "dry" the surface of fiitted fimnd 718 by exposing it 
to a small t^drostatic suction of -^S cm. Tins suction is applied if the open end of tube 
744 extends '^S cm bdow the level of the fritted disc in fritted fimnd 718 and is filled 
with synthetic urine. Typically ^.2 g of fluid is drained from the system during this 
procedure. Tlus procedure prevmts premature absorption of ^nthetic urine when 
piston/cylinder assembly 720 is positioned within fiitted fimnd 718. The quantity of 
flmd that drains trom the fiitted fimnd in tUs procedure (called the fritted fimnd 
correction wdght) is measured by conducting the PUP test {see bdow) for a time 
period of 15 minutes without piston/cylinder assembly 720. Essentially all of the fluid 
drained from the fiitted fimnd by this procedure is very quickly reabsorbed by the 
fimnd when the test is initiated. Thus, it is necessary to subtract this correction wdght 
from wdghts of fluid removed from the reservoir duririg the PUP test (see bdow). 

0.9 g of hydrogel-forming absorbent polymer 760 (correq)onding to a baas 
wdght of 0.032 g/cm ) is added to cylinder 754 and distributed evenly on screen 759. 
For most hydrogel-forming absorbent polymers, moisture content is tyincally less than 
5%. For these poiyiiiers, the added po^mier wd^t can be detenniiied on a wet-wdght 
(as it is) baas. For polymers having a moisture content greater than about 5%, the 
added polymer wdght should be corrected for moisture the added polymer should 
be 0.9 g on a dry-wdght basis). Care is taken to prevent hydrogd-forming absorbent 
polymer 760 from adhering to the inade walls of cylinder 754. The piston 756 is slid 
into cjiinder 754 and positioned on top of the faydrogd-forming absorbent polymer 
760. The piston can be turned gentiy to hdp distribute the hydrogd-forming absorbent 
polymer. The pisfton/qrlinder assembly 720 is placed on top of the fiit portion of fimnd 
718, the wdght 758 is slipped into piston 756, and the top of fiirmel 718 is then 
covered with fiitted fimnd cover 722. After the balance reading is diecked for 
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stabilhy, the test is initiated by opening valves 728 and 740 so as to connect fiuinel 718 
and reservoir 712. With auto initiation, data collectbn commences immediately, as 
fiinnd 718 b^jns to reabsorb fluid. 

Data is recoided for a time period of 60 iriimit es. 

Moisture content of the faydrogel-foniiing absorbent polymer is determined 
separately by measuring % wei£^ loss after 3 hr @ lOS'C. The meuuied moisture 
content is used to calcu^te the diy weight of hydrogd-forming polymer used in the 
PUPtesL 

■ * 
■ • 

PUP capacity (gm/gm)=(Wr(t=0 ) ^ Wr(t=«) min) - 
Wfc]/{Wi,fep;d,ybasis} 



where W^t^) is the weight in grams of reservoir 712 prior to initiatioii, Wr(t=60 min) 
is the weight in gnuns of reservoir 712 at 60 minutes, Wfc is the fiitted fiinnd 
15 correction woght in grams (measured separatdyX and Wh^;d,y basis is the diy 
weight in grams of the bydrogel-forming absmbent polymer. 



3. MA^siuoie 

For most hydh)getfonning absorbent polymers, gel volume is determined by the 
method described in U.S. Rrissue Patent 32,649 (Brandt et al), reissued April 19, 1988 
(herem incorporated by reference) but using a synthetic urine known as Jayco 
SynUrine. This synthetic urine is prq>ared by dissohoi^ a nuxture of 2.0 g KCl, 2.0 g 
Na2S04. 0.85 g NH4H2PO4, 0.15 g (NH4)2HP04, 0.19 g CaCl2 and 0.23 g Mga2 
to 1.0 liters of distilled water. M of the chemicals are of reagent grade Hie pH of the 
synthrtic urine is in the range of 6.0 to 6.4. The SynUrine. mixture can be obtamed 
from Endovations, Reading, Pa. (catalog number JA-0013 1-000-01). The gel vohmie 
is calculated on a dry^wdght basis. The dry wdght used m the gd volume calculation 
is determined by oven diying the hydrogd^-forming absorbent polymer at 105**C for 
threehours. 

An alternative method for measuriiig gd vobme can be used for iQrdrogel- 
forming absorbent polymers that adsorb Bhie Dextran ( see gd vohmie method above) 
to the sur&ces of the fiirmed faydrogd (e.g., polymers prepared from cationic 
monomws). For these hydrogd-forming polymers, the Absorptive Capacity test is 
used, but the dry wdght of the hydrogd-forming polymer is used in the calculation 
instead of the as^s wdght. See U.S. Patent 5,124,188 (Roe et aO, issued June 23, 
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1992 at Cohimns 27-28 (herein incorporated by reference) for desci^on of the 
Absorptive Capadty test. 

4. Extractables 

5 

The percentage of retractable polymer in caiboxylic add based hydrogd-forming 
polymers is deterauned by the Extractable Polymer Content Detemunation - Caiboxylic 
Add Based Hydrogd-Forming Polymers method described in U.S. Rdssue Patent 
32,649 (Brandt et al), rdssued ^rD 19, 1988 (herein incorporated by reference), but 
10 uang 0.9% saline solution, filtering the supernatant through a Whatman 0.7 miCTon 
GF/F ^ass microfiber filter (e.g. Catalog #1825-125) or equivalent, and calculating the 
retractable polymer on a dry-wdght basis. It is also noted that in U.S. Rdssue Patent 
32,649 that should refer to the volume of base and should refer to the volume of 

15 The percentage of extractable pofymer in non-carboxylic add based hydrogd* 

forming absoibent polymers is deteniuned by the distiUed water/gravimetric m^hod 
entitled Extractable Polymer Content Determination - Sulfonic Add-Containi^g 
Hydrogd-Forming Polymers described in the referenced U.S. Rdssue Patent 32,649 , 
but calculating the extractable polyn»r on a dry-wdght basis. 

20 

5. Gel Strenpth 

The gd strength or shear modulus of the formed hydrogd is detennined using 
the Gel Strength/Shear Moduhis Detemunadon method described in the rrferenced 

25 U.S. Reissue Patent 32,649» with the followiiig modifications: Q the hydrogd-forming 
absori)ent polymer is swollen in J^co SynUrine, (ii) an osdllatoiy rfaeometo' having a 
parallel plate configuration, wherein the gap is set at 1.0 mm, is used, Oii) the formula 
for calculating shear modulus is modified for the above paraQd plate configuration, (tv) 
the strain amplitude is less than about 0.3%, and (v) the hydrogd-forming polymer is 

30 ground (e.g., so it passes tfirough a No 45 U.S.A. Standard Testing Sieve (350 microns 
opemngs)), ifnecessaiy, so the formed hydrogd packs at a high loading fiictor between 
the plates of the oscillatory rheometor. 
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What is claimed is: 

1 . An absorbent member for the contuiunent of aqueous body fluids, 
characterized it that is comprises at least one region comprisiilg hydrogel-fonmng 
absorbent polymer in a concentration of from 60 to 100%, prefo^Iy from 70 to 
100%, most preferably from 80 to 100%, by weight, said hydrogd-forming polymer 
providing a gd-contimious fluid transportation zone whtn in a swollen state and 
having: 

(a) a Saline Flow Conductivity (SFC) value of at least 30 x lO**^ 
cm^sec/g, preferably at least 50 x 10"^ cm^sec/g, most 
prrfo^ly at least 100 x 10*7 cnP sec/g; 

(b) . a Perfomiance under Pressure (PUP) capadty vahie of at least 

23 g/g, preferably at least 25 g/g, most preferably at least 29 
g/g under a confining pressure of 0.7 psi (5 kPa); 

(c) abaaswdghtofatldist 10gsm,prderablyatleast20gsm, 
more preferably at least 50 gsm, most preferably at least 1 00 
gsm. 

2. The absorbent member of Clmni 1 characterized in that said region 
provides, vfhen subjected to normal use conditions, sufficient wet integrity such that 
said gel continuous zone substantially maintains Hk ability to acquire and transport 
said body fluids through said gd continuous zone. 

■ 

3. The absorbent member of any of Claim 1 to 2 characterized in that 
said hydrogd-forming polymer has anionic fimctional groups, preferably carboxy 
groups. 

* 

4. The. absorbent member of any of Gaim 1 to 3 characterized in that 
sdd hydrogd-forming polymer is surftce crosstinked and is preferably selected from 
the group consisting of hydrolyzed starch-aciylonitrile graft copolymer^ partially 
neutralized l^drolyzed starch-acr^onitrile graft copolymers; starch-acrylic add graft 
copofym^ partially neutralized starch-aaylic add graft copolymers; saponified 
vinyl acetate-acrylic ester copolymers; hydrolyzed acrylonitrile copolymers; 
hydrolyzed acrylamide copolymers; slightly network crosslihked products of any of 
the foregomg copolymers; partially neutralized polyacrylic add; slightly netwoik 
crosslinked products of partially neutralized polyacr^c add; and mbctures thereof 
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5. The absorbent member of any of Claim 1 to 4 characterized in that 
said hydrogel-forming polymer is in the form of particles, said particles preferably 
having a particle size in the range of from 20 to ISOO microns, most preferably a 
mass median particle size of from 100 to 800 microns. 

6. The absorbent member of any of Claim 1 to 5 characterized in that 
said hydrogel-forming polymer has an SFC value of from 30 to 1000 x 10"'^ 
cm^sec/g, preferabfy from 50 to 500 x 10*7 cm^sec/g, and a PUP capadty value of 
from 23 to 35 g/g, preferably from 25 to 33 g/g.. 

7. The absorbent mmber of any of Claim 1 to 6 diaracterized in that 
said hydrogel-forming polymer has 15% or less , preferably 10% or less, most 
preferably 7% or less, extractable polymer. 

8. The absorbent member of any of Claun 1 to 7 characterized in that 
said hydrogel-forming polymer has a gel volume of at least 20 g/g, preferably of from 
25 to 70 g/g, most prefwably from 30 to 70 g/g. 

9. The absorbent member of any of Claim 1 to 8 characterized in that 
said hydrogel-forming polymer has a gd strength of at least 10,000 dynes/cm^, 
preferably at least 20,000 dynes/cm^. 

10 . The absorbent member of any of Claim 1 to 9 characterized in that 
said fluid storage region comprises from, of said hydrogel-formmg polymer and 
wherein the bads weight of said hydrogel-formmg absorbent polymer m said at least 
one region is at least 50 gsm, preferably at least 100 gsm. 

11. An absorbent core for acquiring, distributing and storing body fluids, 
characterized in that it comprises the absorbent member of any of Claims 1-10 in the 
form of a fluid storage layer. 

12. The absorbent core of Claim 1 1 to 12 characterized in that it fiirther 
comprises a fluid acquisition layer, said fluid layer preferably comprising chemically 
stiffened cellulosic fibers. 
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13. The absorbent core of any of Claims 1 1 to 12 characterized in that 
said storage layer comprises a layer of said hydrogel-forming polymer contained 
between a first fibrous layer and a second fibrous layer. 

14. The absori)ent core of any of Claims 1 1 to 13 characterized in that 
said storage layer further comprises thermoplastic material, preferably thermoplastic 
binder fibers, and is preferably thermally bonded. 

15. An absorbent artide comprising a fluid pervious topsheet, a backsheet 
and the absori)ent core of any of Claims 1 Ito 14 positioned between said topsheet 
and said backsheet, the absorbent article preferably being a diaper, training pant or a 
catamenial pad. 
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